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SECTION I 

INTRODUCTION 

The F0RTRAN IV program D^WNA solves the set of partial differential equations 

governing the flow on the axis of symmetry between the blast wave and the Mach 

disc of a muzzle blast field. A complete description of the method of solution 

of the governing equations and statement of the boundary conditions is given 

in Reference (l).  Program DAWNA is a revised edition of program DAWN pre- 

viously described in Reference (2). The two main refinements included in 

program DAWNA are the following: 

r 

1) An initialization technique has been developed that allows the 

computer program to self-start without the use of empirical 

relationships (such as the initial locations of the flow dis- 

continuities). 

2) An acoustic analysis which enables the continuation of the blast 

''ield calculation to very late times. 

Besides the major analytical refinements presented above, various other mod- 

ifications have been included in the present computer code which minimize 

possible souices of numerical error as well as making the program more con- 

venient for ihe user. The more pertinent of these include the use of auto- 

matic grid subdivision, a streamline trace for the determination of the pro- 

perties upstream of the Mach disc and the option of choosing the units of 

both the input and output parameters. 

. 

BU*-*»!^  — 
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SECTION It 

PROGRAM STRUCTURE 

The main program acts an as executive routine which calls the principal sub- 

routines, as follows.  Subroutine INDATA Is called once to define the finite 

difference grid and initialize the dependent variables. Subroutines SH0CK, 

C0NTACT and INT PT are called sequentially to advance the solution from time 

t to time t+At. The dependent variables are then reinitialized, printed and 

the above sequence repeated. This loop is terminated when the selected number 

of time steps have been completed, at which time the final solution can be 

written out in TAPE12 (at the option of the user) and the program execution 

Is stopped. 

Subroutines SHOCK and C0NTACT accomplish the solution at the two shocks and the 

contact surface by the method of characteristic technique described in Refer- 

ence (1). The three surfaces of discontinuity are identified by the indices 

1, 2 and 3 which refer to the Mach disc, contact surface and blast wave, re- 

spectively.  Subroutine INT PT accomplishes the solution at the interior grid 

points by the finite difference algorithm devised by MacCormack (Reference 3). 

Within subroutine INT PT the index K-1 denotes the solution between the Mach 

disc and contact and K=2 denotes the solution between the contact and the 

blast wave. The indices LMP-0 and 1 refer to the first and second iterates 

of the MacCormack algorithm. 

The subroutines associated with the acoustic wave computation are called from 

subroutine AC0US which only returns control to the main program at the com- 

pletion of the run. 

The functions of all the subroutines are summarized in Table 1. The main 

program variables are Identified in Table II. 

•2- 
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TABLE I 

SUBROUTINES AND FUNCTIONS 

NAME DESCRIPTION 

1. CL Calculates flow properties on the center line of the super- 

sonic Jet exhaust plume from the muzzle exit conditions 

and the centerline Mach number at the location of the Mach 

disc. 

2. CONTACT Calculates the position and velocity of the contact sur- 

face and the flow properties on both sides of the contact 

surface. 

3. FS Sets the flow variable" on the upstream side of the blast 

wave to the specified ambient (I.e., "infinity") condi- 

tions. 

k.     INDATA Reads the Input data and defines accordingly the finite dif- 

ference grid and the Initial values of the dependent vari- 

ables. 

5.  INT PT Computes the new finite difference solution at the interior 

grid points and the new location of the grid points at each 

succeeding time step. 

6. LP0INT Locates the intersection of a characteristic surface and a 

time plane, and performs the necessary interpolations of 

variables from the solution at the grid points. 

7. NUZZLE Determines the pressure, speed of sound and Mach number 

at the muzzle exit as a function of time from a spline-fit 

of the corresponding tabular input data. • 

-3- 
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NAME 

8. PUNCH 

DESCRIPTION 

Writes the final time step on TAPE12 for restarting the 

calculation (see Section 111(B) for an explanation of 

the restart capability of the program). 

9. SETN Reinitializes the arrays in which the new solution at 

time t+At will be stored. 

10. SH0CK       Calculates the position and velocity of a moving shock 

and the flow properties on the downstream side of the 

shock. The index K in the calling sequence is used to 

denote the Mach disc (K-l) and the blast wave (K*3)• 

11. SPLINE      Performs a spline-fit of tabular data (see Reference k) 

12. SPLINT Uses the spline-fit coefficients to interpolate data at 

arbitrary values of the independent argument.  (First 

and second derivatives of the dependent variable are also 

calculated, but not used in the present program.) 

13. STEP Computes the maximum allowable time step. At, based on 

the Courant, Friedrichs and Lewy criterion. 

11».  INTER 

15. INIT 

Interpolates data when adding or deleting a grid point. 

• 

Determines the initial location and fluid properties of 

the Mach disc, contact surface and blast wave. 

16. ACAJS Calls the various subroutines associated with the integra- 

tion of the acoustic wave equation. 

17. INT1A Performs the integration of the acoustic wave equation using 

a fourth-order Runke-Kutta method. 
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NAME 

18.  DERSUB 

DESCRIPTION 

Subroutine which evaluates the derivative used In the 

Runge-Kutta Integration. 

19.  CHSUB Dummy subroutine called from subroutine INT1A. 

TABLE II 

PRINCIPAL PROGRAM VARIABLES 

FjRTRAN NAME 

IR(1) 

IR(2) 

Z 

P 

u 

s 

A 

RH 

W 

DEFINITION 

Number of grid points In region 1 (I.e., from Mach 

disc to the contact). 

Total number of grid points (Including points on both 

sides of both shocks and the contact except for the free 

stream side of the blast wave) 

Axial distance (In feet). 

Natural logarithm of pressure (In psf). 

Gas velocity (In fps). 

9   2 o 
Kntropy (In ftTsec - R) 

Speed of sound (In fps). 

Gas density (In slugs/ft3). 

Velocity of surface of discontinuity. 

GAM1, GAM2 Ratio of specific heats for regions 1 and 2, respectively. 
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FflRTRAN NAME DESCRIPTION 

CP1, CP2 Specific heat at constant pressure for regions 1 and 2, 

respectively. 

RJET Radius of gun bore. 

XME Muzzle exit Mach number. 

PE Muzzle exit pressure (in psf). 

AE Sound speed at muzzle exit (in fps). 

PINF Ambient pressure (in psf). 

UINF Ambient gas velocity (in fps) (usually 0.0). 

AINF Speed of sound in ambient gas (in fps). 

RHINF Ambient gas density (slugs/ft3). 

TIME Current time (seconds). 

TIMEF Final time (seconds). 

KK Maximum number of time steps. 

KG Current number of completed time steps. 

LL Interval in the number of time steps between printing 

of complete flow field solution. 

IPUNCH Index for option to write final solution on TAPE12. 

-6-    -^-^- „—..^ ......... 
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FORTRAN NAME DESCRIPTION 

DT Time Increment. 

DZ Increment In axial distance. 

Definition of other program variables should be self-evident from the context 

of their usage. 

-7- 
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SECTION III 

DESCRIPTION OF INPUT 

Card 
Number Format Columns 

1 15 1-5 

15 6-10 

15 11-15 

15 16-20 

15 

15 

15 

15 

15 

21-25 

26-30 

31-AO 

i»l-i»5 

46-50 

Description 

starting step of run 

final step of run 

print interval 

output file creation index (0 - no output file 

created; 1 - output file created on TAPE12) 

restart indicator (0 - initial program submittal; 

1 - program reads initial step from TAPE10) 

option for moving origin of coordinate system 

(0 - fixed region; 1 - moving origin) 

input unit index - specifies the units of the 

Input (0 - metric; 1 - english) 

output unit index - determines the units of the 

output (0 - metric; 1 - english; 2 - non-dimensional) 

acoustic wave index (0 - normal program operation; 

1 - only acoustic wave calculation performed) 

2 E10.0 1-10 

E10.0 11-20 

E10.0   21-30 

si -—.  

starting time of run (seconds) 

final time of run (seconds) 

multiplicative factor on maximum time step cal- 

culated from stability theory (recommended value 

ts 1.0) 

-8- 
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Card 
Number  Fonmat  Columns 

2    E10.0   31-AO 

E10.0   41-50 

Description 

multiplicative factor on minimum grid spacing 

as determined by Initial number of grid points 

(recommended value Is _< 1.0) 

multiplicative factor on minimum grid spacing 

to determine maximum grid spacing (recommended 

value is > 2.0) 

3    E10.0 

E10.0 

1-10     radius of gun bore (nr or ft) 

11-20     coordinate system index (0 - planar; 1 - cylindri- 

cal ; 2 - spherical) 

E10.0   21-30     ratio of distance from muzzle to origin of co- 

ordinate system to the distance from muzzle to 

the Mach disc 

If the restart indicator Is equal to one on card number 1, card number 4 is 

not required. 

15 

15 

1-5 

6-10 

E10.0 11-20 

E10.0 21-30 

E10.0   31-40 

last data point in region 1 (shown as IR1 in 

Figure 1) 

last data point In region 2 (shown as IR2 in 

Figure l) 

specific heat ratio in region 1 

Specific heat ratio in region 2 

specific heat at constant pressure  in region 

1   (m2/sec2 0K or ft2/sec2 0R) 

-9- 
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x- 
Olscontinuitles 

Interior Points 

I—   Point where Streamline Originates 

Contact 

Blast 
Wave 

FIGURE   1.     SCHEMATIC OF GRID NETWORK 
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Card 
Number Format        Columns 

E10.0 

E10.0 

E10.0 

E10.0 

E10.0 

41-50 

1-10 

11-20 

21-30 

31-40 

Description 

specific heat at constant pressure in region 

2  (m2/sec2 0K or ft2/sec2 0R) 

2 2 ambient pressure  (N/m    or  lb/ft  ) 

ambient gas velocity   (m/sec or ft/sec) 

(typically 0.0) 

ambient speed of sound (m/sec or ft/sec) 

blast wave Mach number at which acoustic 

wave analysis commences 

15 1-5 INUH-number of points   in  table of muzzle exit 

properties  (maximum of 25 points) 

There are "INUM" of the  following cards describing the muzzle exit 

properties. 

7a            E10.0 1-10 

E10.0 11-20 

E10.0 21-30 

E10.0 31-40 

time (seconds) 

2       2 
pressure (N/m or lb/ft ) 

speed of sound (m/sec or ft/sec) 

Mach number 

15 1-5 INUMP-number of points in table describing 

the plume center!ine Mach number distribu- 

tion 

-11- 
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Description 

9     The following cards describe the plume centerline Mach number dis- 

tribution. A maximum of 35 points are allowed,  input the location 

of the point (ZZ) followed by the centerline Mach number (ZMCL) for 

that point.  Input ^ pairs to a card and continue on the next card 

until all "INUMP" points have been input. A sample of the first 

ca:d is shown below: 

9a    E10.0      1-10      ZZO) - axial distance from muzzle in bore 

radi i 

E10.0     11-20      ZMCL(1) - plume centerline Mach number at 

distance ZZ(l) from nozzle 

ZZ(2) 

ZMCL(2) 

ZZ(3) 

ZMCL(3) 

ZZ(M 

ZMCL(»0 

If the acoustic wave ind'jx is equal to zero on card 1, card number 10 is not 

requlred. 

E10.0 21-30 

E10.0 31-'»0 

E10.0 «♦1-50 

E10.0 51-60 

E10.0 61-70 

E10.0 71-80 

10 E10.0 

E10.0 

E10.0 

1-10 

11-20 

21-30 

the location of the contact surface  (m or ft) 

the location of the blast wave (m or ft) 

the initial  time step to be used by the Runge- 

Kutta integration routine (usually taken to be 

the final  time step obtained by the stability 

requirements of the finite difference portion 

of the program)  (seconds) 

/ 
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Card 
Number        Format        Columns 

10 E10.0 

E10.0 

E10.0 

31-W 

41-50 

51-60 

Description 

the constant in the Mach disc equation 

printed out at the last finite difference 

step 

the constant in the blast wave equation 

printed out at the last finite difference 

step 

the constant in the velocity curve fit 

printed out at the last finite difference 

step 

B.     Restart Capabi1i ty -  The program possesses   the capability of 

using a solution previously stored on disk or tape to initialize  the neces- 

sary variables at each grid point.     To create such a file,  the output  file 

creation  index (card  1)  must be set equal   to one   (1).    When  the  final   time 

step  Is   reached the necessary  variables  are output on TAPE12 and may be 

saved by the appropriate use of control  cards. 

To make use of this  file,  the  restart  indicator (card  1)   should be set equal 

to one   (1).     With the exception of card 2 which must be changed  to correspond   • 

to the  time  step saved on  the  file  and card k which must  be omitted,   the pro- 

gram Input deck is the same.    The variables are then read from TAPE 10 and are 

used for the   initiation of the program.     At the completion of  this  run,   the 

variables  can again be output on TAPE12   if desired.    Care must  be  taken  to 

assure  that  the files and tapes correspond to the desired  input and output 

data.    Typical control  cards  that   Illustrate the use of the restart capability 

are shown  In Figure  (2). 
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CREATION OF OUTPUT FILE 

JOB CARD 

CHARGE CARD 

REQUEST(TAPE12,*PF) 

ATTACH(LGO,DAWN,CY-1,ID-ATLXXX) 

MAP(PART) 

LGO. 

REWIND(TAPE 12) 

CATALOG(TAPE12,NAMESTEPXXX,CY-1,ID-ATLXXX) 

EOR 

RESTART USING OUTPUT FILE 

JOB CARD 

CHARGE CARD 

RE(IUEST(TAPE12,*PF) 

ATTACH (LGO, DAWN,CY«1, ID-ATLXXX) 

MAP(PART) 

ATTACH(TAPE10,NAMESTEPXXX,CY=1,ID-ATLXXX) 

REWIND(TAPE 10) 

LGO. 

REWIND(TAPE 12) 

CATALCil(TAPE 12,NAMESTEPXXXX,CY-1, ID-ATLXXX) 

EOR 

FIGURE 2.     CDC  SCOPE 2.1   OPERATING SYSTEM CONTROL CARDS   ILLUSTRATING THE USE 

OF THE PROGRAM RESTART CAPABILITY 

-1%. 
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SECTION IV 

DESCRIPTION OF OUTPUT 

A.  Output Format - The first page of the program output prints a 

narrative which Informs the user of various Input parameters such as the 

Initial and final time steps, print Interval, free stream properties etc. 

On the second page of output, the Input values of the muzzle exit conditions 

and the plume centerline Mach number distribution are printed out In tabular 

form. The units of the input variables are specified by the input unit In- 

dex as described previously in Section III. 

On the following pages of the printout, starting with the initial step, the 

fluid dynamic properties are printed at each grid point. As a convenience 

to the user the locations of the Mach disc, contact surface and blast wave 

are specified In the output by the letters HO, C and BW respectively. At 

Intermediate time steps where a complete output is not desired the velocity 

and position of the discontinuities are printed. The program has the capability 

of printing out the fluid variables In either metric or English units or in a 

non-dimensional form. The output unit index described in Section III controls 

which unit option is used. A table Illustrating the unit option is contained 

In the following sub-section. 

The form of the output for the acoustic wave conputation is similar to that of 

the finite difference portion of the program except that only non-dimensional 

output is used. When the program reaches the time for switching to the acoustic 

analysis (I.e., when W(3)/aoo ^ 1.10), the final finite difference time step is 

output along with the necessary parameters for resubmittlng an acoustic wave 

run. 

-15- 
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B.  Identification of Variables 

STEP - total number of steps taken 

TIME - total elapsed time (seconds) 

Description 

i        Output Unit Index            \ 

0 1 2         j 

{ z axial distance meter feet 2/D 

! P pressure N/m2 lb/ft2 00        '! 

u velocity m/sec ft/sec u/a»          i OO                  { 

s entropy m2/sec2 0K ft2/sec2 0R (S-Sr.f)/Cv 

A speed of sound m/$ec ft/sec a/a       • 
OO                I 

RH density kg/m3 slug/ft3 p/p-          1 
TEMP temperature 

0K 0R 
00                <! 

MACH Mach number - - - 

W(l) velocity of Mach disc m/sec ft/sec 
00 

W(2) velocity of contact m/sec ft/sec »(«/•„ 
W(3) velocity of blast wave m/sec ft/sec ^J)/«. 

1(1) location of Mach disc meter feet Z(1)/D 

Z(2) location of contact meter feet Z(2)/D 

Z(3) location of blast wave meter feet Z(3)/D    1 

C.  Sample Input and Output 

-16- 
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MUZZLE        BLAST       ANALYSIS 

STARTING  STEP  «       0 --      

FINAL  STEP   s     10 — —  

PRINT   INTERVAL   ■      10 

STARTING   TIME   s     0, SEC, 

FINAL   TIME  a       ,30000E-02     SEC,      -  

LAST   PT,   REGION  NO,   1   «       7      -   

LAST PT. REGION NO. 2 «  13 

MOVING COORDINATE SYSTEM OPTION s    0      

RAOIUS OF THE JET s   ,9lJ00E-02  FT,  

FLO« INDEX s 2  

ORIGIN OF   SPHERICAL  SYSTEM  s     .«00E«00   TIMES  RJET          --   

FREI   STREAM  PRESSURE   s        ,2l200E*0ü     LBS/FT/FT     ---- 

FREE  STREAM  VELOCITY   s     0, FT/SEC    - 

-FREE  STREAM  SPEED  OF   SOUND  »       ,ll200E*0a     FT/SEC  

SPECIFIC  HEAT  RATIO   (REGION   1)   «1,25  

SPECIFIC   HEAT   RATIO   (REGION  2)   «l.ao -       -   

SPECIFIC HEAT AT CONSTANT PRESSURE(REGION 1) s 9507.1 FT**2/SEC**2-OEG.R 

SPECIFIC HEAT AT CONSTANT PRESSUKL^GION 2) s 6006.0 FT*«2/SEC**2-DEG.R 

ÖARREL EXIT   PRESSURE  =        .12981Et07     LBS/FT/FT     ._     

-BARREL EXIT   MACH  NO.   s        ,10000E*01      -- —  

BARREL EXIT   SPEED  OF   SOUND  «       ,a2tt9Ht0tt     FT/SEC 

FIGURE k.     FIRST PAGE OF PROGRAM OUTPUT - 
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TN IM 

STEP S109S TIME  *       •30000E-02 

-2/0- 
MD       •39a90Ef01 
 aeaoiuos 

.18568L*0J 
 •18736E*01 

.16912E+03 
 ►1908eE*0i 

.l9268E40i 
 .i9a52E*03 

•19638Et03 
 •19829E*0J 

,2002J£*03 
t2a22lE405 
.20a23EtOJ 
^20630£*03 
•208aOEf03 
-•21055Et03 
.2127«E*03 

-♦2iaQ7£*03 
,2l726Et03 
^21959£*03 
•22198E«03 

.RMO- 

8M 

•lOOOOE^Ol 
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FIGURE 7.     TYPICAL OUTPUT OF ACOUSTIC WAVE ANALYSIS 
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PROGRAM LISTING 
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 TM IM  
PROGRAM  DA*NA(INPUT,OUTPUT,PUNCH,T*Pfc5«lNPUT»TAPE6>0UTPÜTr 

|TAPEiO,TAPU|| 
COMMüN/A/2(200),P(200),U(200),RH(200),S(200),A(^00),M(i) 
COMMON/B/ZN(200),PN(200>,UN(200),RMN(200),SN(200),AN(200),<iN(3) 
COHMON/D/IR(2),GAH,xJ,CP,OZ,0T 
COMMON/P/RJET,XME,PE,AE,PINFfAINF,UINF,RHINF 
COHMON/G/KK,LL,KO,TIME,TIMEF 
COMMON/IPU/   IPUNCM 
COMMON/ZZERO/ZZERO,lMOvE,OZZERO»OTZZER,FACT 
Cp^MÜN/GA/GAMl ,GAM2,CPl ,_CP2  
COMMON/BLAST/IB^^bMCON,SPEED,RJET2 
COMMON/DEHUü/lUbBüG 
COMMoN/UNlTS/IuNI7,füDU'MuNOUT,IUOUT,FTME,PuNIT,OEGN<,RHJ^IT 
CpmÖlii/fK AN AU-/-1 «M AC fi  
DATA   HI/2H      /,M2/2MMD/,HJ/2M  C/,Ha/2HBM/ 

_P1»^Ü  
CALL   INDATA 
FAClNF.C^MGAMg.^Q)^^ 
FACT2«FACINF 

 FACllfCP L*J CAMi»i.0)/6AMl 
3  CONTINUE 

UialKtil 
IRIPHRUI 
I^«lWt2) 
IR2P«IR2«I 
IF(KÜ.GE.KK)   GO   TO   a 
IF((KO/LL)*LL.NE.KÖ)   GO  TO  S 
CONTINUE   
NRITt(b,7)   KU,TIME 

7  FORMAT(iHl,IPX,»STEP   »*, 14,10»,»TIME   «t,El3.5,iX,«HSEC.,//) 
I»RITE(6,6} 

Xi ORM* lüIiJUUUU*.? * £-L3 Xi * Piil3 X,oU*,13X,<>So,I3X,*A»,12X.«RM«, 
U1X,*TEMP*,10X,*MACH*) 

FOÜMsAINF*TIME 
DO  9   I«i,Il 
FACRtGsFACTl 

J£i It-CLtl'l? 1 >_F'^C'iEGjFJCTi^  
NMHI 
IF(ItEQ.1.0WtItE0,2)   HS«M2 
IF(I,EO,1Rl,OR,I,tu,IR1P)   M5«H3 
IF(I.GE.IR2)   MS«HU 
GO TO(22,2a,26),IUOUT 

22 CONTINUE  
Z5«Z(i)*FT^E 

  P5«EXP(P(I))*PUNlT  
U5«U(I)*FIMt 
AS«A(I)»FTME 
RSBRH(I)*HHUNIT 
 ^85«8(I)*FTME**2«OEGRK_  

tEMPi(Pb/(R5*FACHfcG))/FT^E**2/0E6RK 
GO TO 50  

2a CONTINUE 
ZS«Z(I)  

i 
P5«EXP(P(I)) 
U5«U(I)  
A5«A(I) 
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 TH lü 
RS>RH(I) 

TEMP«(P5/(R5*FACRfcG)) 
CO  TO 50  

26 CONTINUE 
 7^a7(n/BJET2 

P5«tXP(P(n)/PINF 

A5sA(l)/AINF 
RS«RH(n/RHINF 
TthP«(Pi/Rb)«FAClNF/FACRE6 
IfHiGT.lRl)  Ml TQ 30  
s5»cAMi*(S(n-scn)/cPi 
6Q TO ao  

30   CONTINUE 
-4i«£AMa*iiLll? 3,aR2P))/CP£- 

40   CONTINUE 
ii CONTINUE 

XM5su(I)/A(l) 
J!lBlI.E(fcilO)--LiJH^15fP5«üS»S5iA3.iJi5«TEMp«j(M5- 

2000   FORMAT(ex,5Ela,5) 

10  FORHAT(15«l)(A2,eElM.5) 

12  FORMAT(/) 
 IPCK0.6E.M<J,.J-Q-IILA- 

MIITfUflt] 
»t nMMiAtniK*^cii»iaM>tn|>>|aM»<ti)tUM>fci>»ttM>iiai#iftM*mit 

110X*TIME**11X,*DT*) 
5 CONTINUE  

lutcn/iuiii 
 ZllltlR U/ R J E T 2  

Z3«Z(IR2)/RJbT2 
-IFIU.SUUOJ. 
1BNC0NSZ3 *(r.0-(AINF/M(3))**2)*SQRT(ALOG(Z3 )) 
IFCZi.CT.l.O)   HwTCON«TIME«1.0Ef06t(RJET2/AINFl*(bwCJN* 

lSORT(AL0G(Z3))-Zi)*1.0Ef0b 
_iWPj[SA6?«XME*SUHT(GAMl»P|1/ExP(PL2JJ}J  

Gü  Tü(32,3a,36),lUUUT 
_i2_C0NUNÜi  

wlOUMsM(l)*FTME 
»»20UMKm(2)*FTME 
tN30UM«M(3)*FTME 
llOUWlttlOTWt 
Z20UM«Z(IR1)*FTME 

GO TO 36 
34  CONTINUE 

*10UH«M1) 
W20UH«io(2) 
N3DUMSN(3) 
fittunaim 
Z20UM«Z(1H1) 
imegiüBü 
60 TU 36 

|6 CQNTl^E-- 
»t0UMcN(l)/AINF 
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M2DUMsN(2)/AlNF 
*S0UM«W(3)/MNF 

JttJLfiL 

Z10UMsZ(l}/RJET2 
_Z10yMs2(IRl)/RJET2 
Z3DUM«Z(IR2)/RjeT2 

36  CONTINUE  
««MITE(6»11)   M10UM,M2DUM,M30UM,Z10UM,Z2DU*#Z30UM,TIME,0T 

il   FQRMATCSX, 8E1 a , 5, ZfßaJ)  

 _LLaLLDUM 
ZCÖN«Z(IHi) 

IFdBh.EQ.O)   GO   TO   la 
LLiLLOUM 
2CON«Z(lHi 
ZBwsZ(IR2) 
RCT«Z(IKlP)-FOUM 
SG^SIGNCl.OfMCT) 
60 60   I»1H1P»IR2 
RCTsZm-FOUM 
SGMsSIÜNt lf0,RCT) 
IF(SGN.EQ.SGM)   GO   TO  59 
IRCT«! 

JRCTM«1-_L 
RCTM«Z(IRCTM).FOUM 
TERH»(Z(IRCT)/RJfcT2).*.*2*.(RH(I«CT)/RHlNF-l .0«U( IRCT)/SPECO). 
TERMMs(Z(IRCTM)/RJET2)**2*(RH(IRCTM)/RHlNF-1.0«U( IRCT «4)/SPEED) 
RATMCTsRCT/(RCT»RCTH)  
RMOHCT«TEHMfRATRCT*(TtRMM-TERM) 

 GO TO 70  
59 CONTINUf. 

SC*i«86NJ 
60 CONTINUE 

RHORCT»l.ü 
70 CONTINUE 

imittlfc«IO00l CONWOiB.wCONjRjjüRCT 
1000 f-ORM*T(//,l)(,*THfc. CONSTANT IN THE MACH DISC EQUATION IS*,E13.5, 

U/ylXyoTHE CONSTANT IN THE BLAST wAvE EQUATION »«»El?.3»  
l//f|X,*tHE CONSTANT IN THE VELOCITY CURVE FIT 'I8<»#tl3,b) 
CALL ACOUS(ZCONfZbr.,DT>CONMDyRhüRCT)  

1« CONTINUE 
 C * L L_SE T N  

CALL STEP 
 CALL _SHOCK(l) 

CALL SHOCK(3) 
CALL CÜNTCT(2) 
CALL INT PT 

JFdMOVE.EO.O)   60  TOL 20. 
2ZEROsZN(l)*MCT 
OZZEROBAN(n*FACT 
DTZZERtC^Nm-Mm/OT 

20   CONTINUE  
Il«IH(2)*l 
DO  I   I«1>I1 
Z (I)«Z N(I) 
P_1I)«P N(I) 
U (I)«U N(I) 
S   (I)«8 N(I) 
A (I)>A N(I) 
RH(I)«RHN(I) 
DO  2   I«l»3 
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•J 

KO»KO-»1 
TXMt«TIMt*OT 

IFdBW.EQ.O) GO TU J 
CALL MUZZLE(TIWb.PkXlT.AEXlT.XMEXlTl 
CONMD*Z(l)/(XMExITtSORT((*AM1*PEXIT/PINK) )/KJET2 
ILPUM«U,  
LL»l 
co to 

6 CONTINUE 
IFtlPUNCH.N^m   CALL   pUNCh 

STOP 
JLNß_ 



 TH 184 
SUBROUTIivit   CLCITl.BT) 
Cü*MON/A/Z(200)fP(2ü0)rU(200),HH(200),S(200),A(20ÜJeW(;31 
COMHUN/B/ZN(20U},PN(200)»ÜN(20U),*<HN(200)»SN(kOO)*AN(200)*A««(S) 
-CO^PN/p/IR(2)rü«Wf xJ,CPr02fOT 
COMMON/f-/RJL1»XN&,PE,Ab»PlMF»AI^F,UlNF,KHlNF 
COMMQN/GA/   GAMi,b.'M2.CPl.CP2  
COMMON/G/KK,LL»KU, mt. TlMtF 
C0^M0N/MCL/ZZ(i5).Z^CL(3S)fLMCLC3S?.INUMP 
C0MMÜN/IMT/PM(25),AM(2b),XMM(25),TM(25) 
CUWMÜN/DtBuü/lütbul. 
DIMENSION Z^(l)»XM(n,DXM(l),D2XM(l) 
DATA MAX.EHBVAL/l.0.001/  
ZEsO.O 

_J_ttM«0 
RATlÖso.5 RATIOS0.5 
XElila W. 0,0)   UN C1J «Ü.LLL 
TIMT«TIMt*07 

IFCIOEBUG.EU.b)   MRITE(b»l)   IT 1 *ZE,RATIO,TIME,ÜT,TIN]T,T1,BT 
ao conTiwut 

TDUMSsRAT10tTINlT*(l.O-HATiO)*fl 
CALW_MUZZLE(TüU.VIS,PE,AEJXME)  
UE«0,5*(X^E*At*uN(n) 
TDOMPsTIMT-(ZNCl)-ZE)/UE  
ERRs(TDUMS-TOUMP)/TÜUMS 

 HU DEBUG tEQ,b)   ^RITE (6,1)   I TER, TOU^S, T0UMPf PE, AEf XME_,UE,Zf<( Df ERR 
IFCTDUMP.LT.U.UH.IOUMP.GT.TINIT)   GO   TO   lOü 

 |F(ABS(ERR),LT,ERRVAl.)_GO   TO   300  
ITER«ITER*l 
 IF(ITER.GT.20)   GO   TO  200  

RATIOsni-TUUwPWni-TIMT) 
 GO_TU  20  
100 CONTINUE 
__*iRnE(6,lOO0)   _    __    

1000 FORMATdX,«STREAMLINE IN SUBROUTINE CL IS OUT UF BOUNDS*) 
CALL EXIT  

200 CONTINUE 
INRITE(6,2000)     __ _ _ 

2Ü00 FORMAT(lX,*TUÜ MANY ITERATIONS IN SUBROUTINE CL*) 
 CALL EXIT     

300 CONTINUE 
 GAM»GAM1      

1*1 
  2Zl«ZN(I)/RJETM,  

GlcGAK-1. 
XMt2sXMt*xME 
Fl«l.*Gl*xvt2/2, 
 GisGAM/Gl  

GUsl./Gl 
ZM(i)«ZZl  
CALL SPLlNf(ZZ,ZMCL,INÜMP,ZM,MAX,XM,0XM,D2XM,EMCL) 
XMCL«XM(l)          
XMCL2sxf'.CL»xMtL 
F2sl.»Gl*xwCL2/2.  
PPE«(Fl/F2)*«Gi 
RHREs(Fl/F2)**G4 
PN(I)sPPE*PE 
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 TM 184  
HMf=GAM*Pt/At/«t 
RHMI )sRMRE»RHE _   _  
A"NCI)sSüf<T(ÜAN;»PN{l)/RHN(l)) 
UN(I)sXMCL*A^in _ _ __      
SN(n=S(n*CPl*((ALJS(PN(I))-P(ljT/GAV(l-ALUG(«rtN(I)/HH(r))) 

IKIDtBOG.EJ.ö) NMITEUTT) I»PN(I)»HMM(I),A\(n#UN(I),SN(I), 
is(n,p(n,BH(i)  
RETURN 

l FUDMAKI Ib.^fc li.S) 
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SUBROUTINE CONTCT(n) 
COMMON/A/Z(?00),H(200),UJ200),RH(200),,S(200)>A(200),^(3) _ 
CblMMÖN/B/ZN(206)»PN(200)*UN(2Ö6)frtHN(200),SN(200)»AN(2UO}*MN(3) 
JCÜMM_0_N/C/.Z 1(200) f Pl (200), UI (200) » WHI (200) * SI (200) > AI (200) 
COMMON/O/I«(2)»GAM,XJ,CP,01,OT 
C0MM0N/E/9T,AL 
CO^MÜN/GA/ GAMI,GA*2,CP1,CP2 
COMMON/Z2ER0/ZZERU>IM0vEf0ZZE«O>0TZZEWyFACT 
I«1R(1) 
ITl«l  
AL«l, 
BT«0.  
MN(K)sw(K) 
UN(I)SAN(K)         
ÜN(I*l)«UN(i) 

2 ZN(I)sZ(I)*(AL* _*(K)*Bl*wi_N(K))*üL 
1 ZN(ItnsZN(I) 

Ulg»*N(K)  
U2CU1 
GAK«6AM1   
CP»CPl 
CALL LPUINT(I#l,,lj_l)_ 
GAM«GAM2 
CP«CP2         
CALL LPÜIM(I*1,-1,,.1#2) 
WN«ZN(l)-ZZtRÜ    
Hl=ZI(l)-ZZtRÜ 
R2sZI(2)-ZZEH0 
ÄlsCAMl*(AL/Al(l)*6T/ÄN(r)) 
BlgGAW2*(AL/Al(2)»bT/AN(I»l)) 
lF(l*OVE,tUi,0J GÜ TO 200 

A««GAMl»xj*(AL*(Ul(i^-DZZERU_ )/RI»BT* (ÜN(I)»OZZERO  _ )/«N) 
A4«Ä4*bT 
B««GAM2*XJJ>(AL*JUl(2JL-0ZZt_RO _ _)/R2*BTMU^(IfJL)-0ZZE«0_  i/RN) 

B«sB«*DT 
GO TO 210  

200 Aas(AL*Ul(l)/RHtiT*üN(I)/HN}*OT*XJ*GAMl 
Ba«(AL*UI(2)/H2«BT*üN(lM)/RN)*Xj*GAM2*0T 

210 PCl*PI(l)-(Ul-Ul(l))*Al-Aa 
 PC2»PI(2)*(Ui-Ul(2))*6l-Ba       

APC1«EXP(PCI) 
APC2stXP(PC2)       • 
ER«(APC1-APC2)/(APCUAPC2)*2.Ü 

_ IF(ABS(EN),LT,l,t-0a) GO J_0 7  
IT 1«IT 1*1 
IF(ITl,Lt,15) GO TO 777 
nRITE(6,lU) 

Hl   FÜR>'AT(5X>»TUÜ   MANY   ITfcWATIQ^S   1^   SUBROUTINE   CQMCT») 
STOP 

777   IF (IT I.GTj2)   GO  TO  1«  
BETSMM2) 
ER1*EH    
BETlsBET 
HETgi.01«BET  
GU   Tu   15 

la  OUMsBETl-ERl*(BET-BETl)/(ERrtRl)   
ER1>ER 



 TM I81i 
UTIMCI 
BETSDUM  

15  »vN(K)sBET 
 LNJLllslllJj^lAiwiKLMNJLKlJAeL 

GO  TO   1 
7   PNtnsPCl  

f»N(l*l)sPN(I) 
UN(I)«Ui  
UN(IM)xU2 
SNdJsSd)      „ 
SN(i*n=s(i*n 
CKrALObCHHd      n^d      WGAN1 
RHN(1      )sPN(I      )/tAyj-(SN{l      )-Sn      ))/CPl*CK 
RHIIHl )=exPCHHi\i(I))       .__  
CKtAL06(KH(IMi)-P(Itl)/GAM2 
RHNCl*l.)=PN(I*U/tAM2-{$N(IflJ-SCltnJ/CP2*CK 
RMN(l*l)sExP(HHN(l*l)) KnlNU + l J=tXKl«MIMli*lJ) 
ANdlrSüHTCGAVl *EXP(PN( 1) )/ftHNd ) ) 
ANdtl)«S0KT(GAM2*tXP(PN(ni))/RH^d*l)) 
IFLBTjGT.OjJ. 6ü   TO_?  
ÖTB.S 

 ALSj5_ 
ITlsl 
GO TO 2 

9 RETURN 
END 

t 
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TM 184 
S'jBHOUTINfc   FS 
C0MMON/B/2N (^oo),p^(2oo),uN(^oo),wH^(^oo)fs^(^oo)»AN(^oo)>«N (_3i  
CüMMON/0/I«(2)#(iAM,Xj,CP,l)Z,0T 
CQMMCh/F/RJET.XM£yPE,tEtPINF,AINF,UINF.RHlMF 
COHMON/GA/ 6AMl,GAM2#CPlfCP2 

PN(l)rPIMF 

RMN(I)s«HINF 

AN(l)«S0KTieAV2*PN(I)/HMN(I)) 
PNCnsALÜGCPNCD)  
RETURN 
END 
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SUBROUTINE 
COMMüN/A/Z( 
COMMON/B/ZM 
COMMON/O/I« 
CÖMMON/F/kJ 
COMMQNi/G/KK 

INUATA 

(200), 
(2)>CA 
tT,XMt 

 7M 184  

(?00),U(200},RH(200)>S(aOO),A(200).A(i) 
PiN(a0Ü)»UN(aO0)#KHN(2O0),SN(^00).A^(2u0) 
^#Xj>CP,OZ»OT _       

AN(3) 

COMMON/ÜZ/Ü 
COMMON/DTST 
COMMUN/IHU/ 
COMMON/GA/ 
COMMON/HT/ 
COMMON/IM T 
CüMMON/MCL/ 
CÜMMON/ZZfcK 
COMMÜM/PWAT 
COMMQN/DtbU 
CO^MON/bLAS 
C0M^0N/8v/Ai\ 

Z^'INJÜ 
At</0TS 
IPUNC 

GA^1,G 
£N'P(25 
/P«(g5 
ZZ(ii') 
u/ZZtN 
/PWAT 
6/10tB 
T/lbA, 
AL/OAM 

»PErAE/PINP^AINF^UlNF/PMiNf- 

ZMAX 
TAU  
h 
AM2,CP1,CP2 
) $i*AiiS)$i**(iSi $ INU^ 
J/AMC^Sj^ViSK^Sj.TMCaS)     
.Z^lCLCiSJifcMcKiSJ^MU^P 
O,IMüVE,DZZEl50,DTZZER,FACT 

UG 
brtCÜN#SPLED»RJET2 
ACH 

CüMN.fjiv/UNIT 
DIMENSION T 
DIMENSION H 
DATA Hl/aHR 
DATA' IDE8UG 
DATA   FACP»F 

1, 1 JUU*, lUN'JLI T , IUUUT , F T Mfe , PUNI T, UEGRK, RHUwI T 
C)(l),i)PÜ(U,D2PU(l)          
'4(2)»M5(2),H6Ci),H7(2) 
2/aHZ(l)/ 

S/lUiNl 
0(1),P 
3(2J,H 
JET/»H 
/O/ 
ACA/1.0/1.0/ 

DATA   FTME,PUiMlTrOEGRK,RHUNIT/0.30<ie,<i7.dtf02be,l.etSlS.379/ 
DATA   H8/«HSEC./     
DATA MSCI)VH«(n7HS(l}#H«(t}#N7(n/SM«lt   ,9HN/MV»2       »6H^/SEC   , 

110H^**2/SEC**»8H2-DEG,K  /   
DATA   H3(2),H«(2),H5(2),h6(2JrH7(2)/3HFT,,9HLBS/FT/FI,6iFT/bEC 

J »10HFT**2/SEC*>HH»2-DEG.r?/  
C « *** 
c 

****** 
READ 

****** 
REAO( 
lUOUM 
IUDUT 

********* 
INPUTS 
********* 
5#1) K 
slUMTfl 

lUNOUTfl 

**************************************************** 

*********************************************** 
0,KK,i.L/ IPUNCH, IRSTRT, IMOVE, lUNl T, lUNQUT, 18« 

*** ** 

HÜUMBHl 
IFdMOVE. 
REA0(S,2) 
READ(5,2) 
IFdUNlT, 
IFdRSTRT 

"REA3(5,3) 
IFdUMT. 
CPI«CP1/F 
CP2«CP?/F 
CONTINUE 
KtA0(b»2) 

EU.l) 
TIME 
RJET 

EQ.O) 

IW ( f 
EU.l) 
TME** 
T^E** 

M0UMSM2 
,riMEF,OTSTAd,üZMi^»OZMAX 
,XJ,FACT 
RJETsRJtT/FTME 

) GO TO 8 
)»IR(2)»GAM1,GAM2#CP1,CP2 

GO   TO  8 
2/DEGRK 
2/DEGRK 

IKIUNIl. 
PINF«PINF 
UINFSUINF 

AINFsAINF 
FACPsPUNI 
FACAsFTME 

PI 'xFjrU INF ■ AINF^^MACH 
EU.V)   GU   To   11 
/PUNIT     
/FT^E 
/FTME 
T 

U CONTINUE 
REA0(S,1) 
DO  10   I«l 

INUM 
»INUH 
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 TM IM 
READ(5»2)   T^(I)»PM(n»AM(I),xMM(n 

TM(I)sTM(I)-lMl 
IFClUNIT.fcQa i_GÖ _LQ-±1L 
PM(l)sPM(I)/PüNlT 
AP(n=AM(I)/PTM£ 

10   CONTINUE 
 CALL  WLlWtfTM.PM. J ÜU^.IMIH 

CALL   SPLINE(T^,AM,I\UM,£MA) 
CAUL   SPLlNf (lvW*^^»I^UM»fcMM) __ 
CALL   MUZZLt(TlMt,Pt,At,XMt) 
WEAD(S.n    I,\UMH 
READ (S, 2)    (ZZm,ZMCL(I),I*lrlNUMP) 
irtltfc.tO>OI GO TO I  
REAU(5r2) ZCON, 2bv> , 0T#C0NM0» B^CON» RHORCT 
XFauNU.tQ.n Güjrcj  
ZUlNsZbM/f TML 
ZCÜM8ZCÜN/FTME  

7 CONTINUE 
-_JFil.R5.T«L,ftl.0) 60 TD IM 
9 CONTINUE 
 RHINFsGAK2*PlNF/AINF/AlNF 

SPEEDsAINF 
RJET2=RJET*2, 
IFdBM.EQ.l) CALL ACUUS(ZCUN,Z(ift»OT,CONMO,RHüRCT) 

_LF_liUNU..EO.l) GD TJ 320  
CP10UM«CPl*FTMt«*2*DtGRK 
_CjP20UMsCP2*FTMt**2«PEGRK  
PEOUWsPE*PUNlT 
AEDUM»At:«FT^E.  
RJOU^«RJET*FTME 
PIOU* * PINF * P U ^IT 
UlOUW = UlNF«FTvit 
 ilOüWil NF «F TME 

GO   TÖ  325 
320   CONTINUE  

CP10UM«CP1 
CP20gM«CP2 
PEDU^«PE 
AE0UM«AE_ 
RJDu^sRJM 
PIDU^sPINF 
UIDU^SUINF 

__AIOUM«AINF 
32b   CONTINUE 

C «HlTk   INPUTS 

MRIU(6f 1632) 
_** I IE (6,2 0^ i K Oj K K , LL.TIWt jjid f T lMEF,Het IRf IMQV E  

J«XJ*,5 
wRlTF.(6f20l)   HJ0UMfH3(lUüUM),J,FACTrH0UM  
MRlTb(6,202)   PI0UM,H«(HJDUM),U1I)UM,H5(I0ÜUM)#AI0UM,H5(IU0J^) 
»RITE(6.206)   bAMltüAM2,CPlDUMfHb(lUDUM),H7(lUÜUM)tCP23UM<'<b(IuDUM) 

1,M7(IUDUMJ 
lkRITE(6,207)   PEOUM£iM«ilU0UM)tXME,AE0UM,H5(|UOUWJ  
MRITE(6»20S) 
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*F.1TE(6,204] 
INUMQslNUM 

_00   326   IslrlMJ^O  
POUMMYsPM{n«frACP 
ADyMMYsAM(I)*FACA  
wRITt (6,500)   rMCl)#PL>UMMy,AOuMMr,XMM(l),ZZ(l),ZMCL(I) 

326   CONTINUE  
INÜMQslNU^Utl' 
IFC^.UV-lNUVP)    307,J0e#i09   

307   wNITt(6,b01)   ( ZZ ( i ), ZMCL (1) # I = IWUMU, nu^P) 
GO   TO   30» 

309   CONTINUE 
DO  327   I = INUMU,INUM    
POUKM5PM(n»FACP •     / 
AOUMMVsAM(I)«hACA 
INRIU(6,502)    T^(I)#PDÜMMY,ADU^MY",XMW(i)  " 

327 CONTUOfc.  
30Ö CONTINUE 
 PO 12 Isl,lNUMP_       

ItfI)BlI(I)«U0 
12 CONTINUE _       __      . 

C*********************************************************************** 
C INITIALIZE   FLO».   PHQPEPTIES  
C***************** ************************* ««««««««««««fk *•****«* ******** 

CALL   SPLlNE(ZZ.ZMCLfINUMH,EMCL)     _         
IFdBSTRT.GT.O)   GO   TO  3«2 

„CALL   IMT   
l»l = lP(n 
IWllsIKUi           
I«2sIP(2) 
IP21 = IR(2)M 
IR«aIhl-l 

1R6«IR2-1 
P2sEXP(P(2)) 
PIRlsEXP(P(IHU) 
CK = AL0G(kH(l))-P(n/6AMl 
DO  330   Is3,IRu 
RAT   sFL0AT(l-2)/FLüAT(IRl-2) 
Z(I)sZ(2)t(Z(lRn-Z(2))*RAT 
U(I)«U(2)»(UjUM )-UL2n*HJ1. 
S(I)sRATtALüG10(S(IRl)/S(2        )) 
S(I)slO.*»S(I) 
S(l)cS(2        )*S(I) 
P(I)sP2*(PIRl-P2)*WAT 
RHmsALOGCPcin/GAMi-csm-sun/LPHCv 
HH(1)SEXP(RH(I))   
A(I)sSüRT(GAMl*P(n/RH(I)) 
P(I)«ALÜG(P(I))   

330  CONTINUE 
P2sEXP(P(IMm 
PIR2sEXP(P(lH2)) 
CK«ALüGCRHlNF)»ALUG(PINF)/GAMa 
DU  3«0   IxlNb   ,IR6 
RA^ «FLOAT Cl-IRll)/FLOAT (IR2-IRU) 
Z(i)«2(lRin«(Z(lH2)-Z(IRn))*RAT 
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 TM 184 
U(I)tU(IRim(U(IR2)-U(IHU))*RAT 
iillllAItAmfi l »lattMi/iifim  
8(I)B10.«*S(I) 

imuuAuitiiu 
PCI)«P2*(PIR2-P2)*HAT 
BH(I)sALDG(P(ni/C.A^?-(S(n.S(IR2in/CPg»CK 
RH(I)sEXP(RH(l)) 

JLLLUSOHUG A M2*pjjj /RHCIll 
P(I)BALOG(P(I)) 

iao CQNTINUt 
iU2 CONTINUE 
 RtTUHN  

300 CONTINUE 

C     RfcÄD KtSTAHT VAKIAöLES 

REAOnd) IK( 1) , IR(2) ,ÜA^l ,GAM2,CPl ,CP2' 

RtAü(lO)   2^ERÜ»02ZERU»DTZZER 

REAO(IO)   (Z(I)*P(I),U(I)»RH(I),S(I), Ad), 1x1,11) 
. IJBUMl?IR (J)  

II>UM2BIH(2) 
ZDUMlaCZdÜJMp.zC^n/FLOAT HüUMi.2^ 
Z0UM2s(Z(I0u42)-Z(I0UMl))/FLUAT(IUUM2-IUU^l*l) 
02MlNsOZMI.\)»AMlM(ZPU^liiOOM21»Ql999  
DZMAXSDZMAX*DZMI^*1,001 

__G0 _10 9 
1   FORMAT (l<»Ib) 
i   fP^AHflfctO.Q) 
i   FQRMAT(21b,<4ElU,0} 

22__FOR^!ATt«tl5,0)  
20i FU~RMÄT(8tl2.«J 

1632 FüRMAT(lMl/////iaX*X U_Z l   L   t        9   1   A_8 T _ A NA U V 3 I S*//) 
200 FORMATC     9X,«STARTING STEP «•ia//9x,«FINAL STtP «•l«//9XtPMI\T 

1INTERVAL «*ia//9x»STARTING Tl^t ««E13.bf2X.Att,  
2//9X*FINAL TlMt s*tl3.5,2X#Aaf//9x 

__3*LAST PT, REGION NU, J »•I«//9X,*LAST PT, REGION NO, 2 s^I«// 
R 9X*MÜVING CÜUKOINATE SYSTEM OPTION x*Ib/) 

201_FORMATl     9x«HAri1jS ÜF TME JET s*El 3,5,2xf A3f//9x 
i«ftOk INDEX «»I2//9X*ÜRIÜIN ÜF SPHERICAL SYSTEM s*ElÜ.i,* TIMES * 

202 FÜRMAT(   9X«*FHEE STREAM PRESSURE a*tI 3,5»2X,A9,//9x, 
_ l*FREE STREAM vELUtITV **El 3t5,2X, Ab, .  //9x,«»FREE STREAM SPEED OF 

1 SOUND «*E13,S,2x,Ab,/) 
205 FI)RMAT(1HI///13)(«^(.JZZLE EXI1 C0NÜIT10NS*19X»PLUME CENTERLHE MACM 

1 NUMBER«/) 
200 FORMAT (5X» 11 »iE «OX•RWESSüREMXoSOUNJ SP*.bX*MACH«16X»X/><*9x* ^ACH« ) __ 
20b FURMAT(9X«SPECIHC MEÄt'RATIO (REGION 1) »«F a,i,//9x«SPEClF IC HEÄT 

1 RATIO (REGION 2) »«Fa.2,//>9X,«SPECIFIC wEAT AT CONSTANT PRESSUWE 
2(HEGI0N 1) »*,F7#l,2X,A10,Ä», 
3    _ //,9X«SPEC1FIC MEAT AT CONSTANT PRESSURECREGlüN 
R2) s*,F7,lf2x,A10,A8,/) 

207 FORMATt 9X,«eAKWEL EXIT PRESSURE »«ElA.Si2XtA9, //9Xt«dARWEL 
1 EXIT MACH NO. B*E13.b//9X«BARREL EXIT SPEED OF SOUND s«En.äf2X 
2»Ab) _         

bOO F0RMAT(aE12,R,ex,2E12.a) 
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TH  IM 
501   F0RMAT(56X,2U2.(O 

• END 
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TM 18*» 

SUHRUUTINt   INT   PT 
-C.^M(MpN/,A/Z_(2_00)_,P(200),U(200)#RM(200),3{200),A(200),l*(3) 
COH^ON/B/ZN(2ÜÜ),PN(200)»UN(2ü0)^HN(2CO)rSN(2UO)>Aw(200)#AN(i) 
COK'^ON/C/Z 1 (200)»PiC200)»UI (200) »WHK200} »51(200) ,41 (200) 
COMMON/0/|RC2)f6Al»»]lJfC>'#0Zf0T 
C0KM0N/E/6T,AL  
COMNON/GA/   GAMlrGAM2»CPUCP2 
COMWOfi/ZZERÜ/ZZEHÜ,lM0vty0Z2iR0>PTZZER,FACT  
At««« 
BTs.5__  
K«i 
GAMsGAMl   
CPsCPl 
NCLS2 
NCMsIR(l) 

NCLlsNCl»! 

M«NCM*1 
DO  20   IsNCLfNCM 
U   I(I)sU (I) 
P   l(l)sP (I) 
S   I(I)sS (1) 
A   KDsA (I) 

20   HMl(l)sHH(I) 
DX«l,/FLOAT(NCM-jilCL)_ 
LOOPsO 

 OEL«ZN(NCN)-ZMNCL)_ 
DOaU/ÖCJL 

6  xl«0.  
IFUOUP   .tU.l)   GO   TO  30 

 MNKSMK)   
ttMM»(Mt) 
GO  TO  31     ____   _         

30  NlrfcsftM'K) 
 gjMCMgfjfMiJ  
31   CONTINUE 
_ OO   I   I«NCLI,NCM1 

XlBXlfDX 
NMlsl-LOOP 
NPl«NMl*r 
EEsOü«EXP(PI(I))/KMl(I) 
CC«D0*(U1(I)>(XI-1.)*ANK      -Xl*rtNKP        T 

   FFsOD*GAM   
" PX«(PI(NPl)-Pl(NMi))/OX 

UXs(Ul(NPl)-l)I(i<.Ml))/DX 
SXS(S1(NH1)-S11NM1))/0X 

 W18Z(I)  
IF(LUÜP.GT,0)   N1«ZN(I) 

 Rl^RJ-ZZtRO  
URELIsUi(I)-FLÖAT(lMÖVE)*OZZERO 
PTB-(CC*PXfFF>uxfXJ*GAM*URELI/R1) 
UTs-(CC*UX*EE*Px) 
8T«-CC*Sx   
2N(I)sZN(NCL)«Xl*DEL 
IFdOOP.tU.l)   GU   TU   7 
PN(I)sPI(U*PT*DT 
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TM 181» 
UN(1)SUI(1)*UT*ÜT 
HdilllllXtil * P-T  
lüs   l 

CALL   LPOlNT(I»0,»IU,M) 
SNUlaSKWl  
CK=ALUG(HH   (1))-^   (I)/GAM 
J<MNUJ=PN ( I ) /GAV- C 5N CI)-8_ C l) ) /CP.+ CK 
«HN{1)=EXP(HMN(1)) 

-_AMl)=SüWHüAM^APlP^lID/«HNa)) 
GO  TO  2 

7   PNm = .St(Pim»P(l)»PT»QTl  
UN(I) = .5*(UI(l)fU(n*üT*0T) 
SN LUJUÜiSU1J ♦ S ( n»tHiDf 1 
10=   i 

 lFfUNmfLT.O.>   10 = -L 
CALL   LPÜINT(1,0.,IU,M) 
 SNCIlrSKM)  

CKBALüG(HH   (I))-P   (D/GAM 
RHNtnsPNCl) /G AM- ( SN (1 i -S _C 11 )/C^»CK 
RHN(l)=EXP(KhMl)) 
ANlll=SOHT(GAM*tXPCPNini/WHNCUJ 

i   CONTINUt 
1   CONTINUE  

IFCLOüP.&Q.D   GO   10   10 
DO  ?   I«NCL>NCM  
Ü   l(I)sU   N(I) 
P   IIIJsP   N(U  
S   ICI)=S   N(I) 
A   I(n«A   Ndj  
RMlCDrRMNd) 

i   CUMINÜt  
LOOPsl 
GO   TO   9  

10   1F(K,EQ.2)   Gü   TU  6b 
 KSMJ  

NCLsNCM*! 
, NCMslH(2) 

GAMrGAH2 
_ CPsCPg  _ 

GO TO ee 
bb  RETURN 

END 
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 TM 18»  
SUBHOUTINt   LPOINT(M,OPT,IOrH) 

COMMUN/B/ZN(20ü)»HN(200)»ÜN(200),RHN(200)»SN(200)*AN(200)^N(i) 
JUHäSS&iSlll(200)«Pl(2QQl«UI(200)»WMI(2QO),SI(g001»AI(20Q)  
COMMON/U/IR(2),GA*,xJ,CP,OZ,0T 
CQMMQN/E/HT.AL 
KJBI 

O.J._KJL«ö_ 
FIOsFLOAT(IÜ) 

. I «N  
KsI-IO 
El=HT*(UN(n»OPT*AN(n) 

66 

tMlRsAL»(U(n*ÜPT*A(I))ftl 
EMl|.sAL*(U(K)*üPT*AfKLiJ*El 
ZBs(Z(I)*Z(K)}/2, 

^1P=A  
CCNTINUE 
RAT«(ZB-Z(n)/(Z(K)-Z(n) 
lF(AflS(RAT).L£.l.) 
tl«lTII4.ll 11... 

60   TO   l 

111   FORMAT(SX,*CHAKACTtRlSTIC   SHOT   BACK   IS  OUT   OF   RANSfc.   H   SUBROUTINE 
ILPOINT*!     
V>RITE(6,113)   I»K,IU,Zö,Z(K),Z(n 

LU   FORMAUt   l.*.lO,lb,UK).lll)*il$.ltlSmn)  
1 E^lsEMlW+KAToCEMlL-E^lH) 
 IBT«ZB          

ZBsZN(I)-E^l*DT 
 IF(KJ,GT,0) GO TO 2  

IF(iFIl)*Z(I)-FIü*ZB) 3,2,2 
 3 *J»1  

108-10 

G0_10.« 
2 CONTINUE 

__ .i tsi zsABs ((ZB-ZB T) a n i i-zmuL. 
IF(TESTZ.LT..01)   GO   TO  66 
KlPsKlP»! 
IKKIP.LE.IS)   GO   TU   66 
fcfttTJLU&lUJ   _   

112 FORMAT (5X, »TOO MANY ITERATIONS IN SUBROUTINE' LPOINT*) 
 SJOP  _ 
66 CONTINUE 

U I(M)«U (I)*RAT*(U (K)-U (I)) 
SI(M)sS(n*RAT*(S(*)-S(I))         
P I{M)xP (I)*RA1*(H (K)-P (I)) 
CKSALQG(RH(I  ))-P(I  )/GAH 
RhI(MsPI(*)/GAh-(SI('")-S(I))/CP*C* 
RHl(M)8bXP(RHI(M)) 
AI(M)sSORT(CAM*EXP(PI(MJ)/RHl(M)) 
RETURN.  
END 

-39- 



 TM I8<t  
SUBROÜTiNfc  MUZZLE(TI^E,PE , AE,XMfc) 

_tQMMü.N/lMT/PM(25),M(25J#XMM(25)#TMC25) . 
CüMMOM/FIT/tv(P(^5),EMA(2S),EMM(25),INUM 
Dll«g|i«10H   TDC U «PDClI^PPPCtl.DgROCll  
MAXsl 

CALL   SPLlNT(T^,PM,lNUM,TD,MAX,PO,0PD,D2P0,tMP) 
-PE = Pt(lJ  
CALL   SPLINT(TM,AW,INUM»T0,MAX,PO,DPO,02P0,EMA) 
AEsPOtU    _  _ _ _ 
CALL   SPLINT ( T M, XMM, 1NUM, T0# MAX, Pü, DPD» [)2^0,fcMM) 

RETURN 
END 

i 

•liO- 



 TU IM  
SUBROUTINE  PUNCH 
£QV*m/* Ll (2 Q Oj , p t2 BJLUiUJ OfiJ «lülll ftii-S L2 0PJjAtilLOXt«i3 L 
COMMON/0/lH{2)»bAM#xjrCP,OZ#0T 
CQ^^ON/GA/ _GA.M|, GAM2, CPIJ CP2_ 
COMMON/ZZtRO/ZZERO,1^0VE,OZZERO»üTZ2E«,FACT 
»»RITE (12)   IW(l).IR(g).GAMl.GA^g.CPl<CP? 
MRITEdZ)    (M(N),Nsl,3) 
»»ntim mwo,pzZEHöj.&uitR. 
n«iR(2)*i 

Jtftl TE C121 HU )»H (Ui UlUtMlilili UJ üJJLI 1*1/ 111 
RETURN 

-*i- 



 TH IM 
SUBRUUTINE   StIN 

_CCMM_QNZ.*/_Z(200),Pl200JiUC200),«M(200J#S(2()0),A(200J,A(.J) 
COMMüN/B/ZN(2uü),PN(2ü0)»UN(200)»«-iN(200}#S^(200)»ANl200)#/«M(3) 

.tÜKMQN/_p/l«(2),(,AMfXj1CÜLi.QZAPl  
UsIH(2)*l 
M 1  l-lili 
A   N(I)sA    (1) 

U   N(l}sU    (I) 
S   NCI) = S   (1)  _       __ 
RhN(l)sfJH(n 

i i tiui«i m  
DÜ  2   1=1,3 

2 mLL) sw c u ^  
RETUHN 
END    

•*2- 



TM 184 
SUBKOUTlNt   SH0CK{K) 

_COMMON/A/Zi200^P1200)jUJ200J_fRHJ_200J_fSJ20p)/J»(200)fw(3J  
COMMON/e/ZN(^00),PN(2ü0),UN(200)»WHN(2O0),Sivi(200)»AN^00),rtf<i(j) 
COH*OH/C/lH2ü0),FH200),{)H200),RHHiQ0),SH200),AUi00)  
C0MMGN/D/IH(:2)#GA^,xJ(CP#DZ*0T 
C0MMON/E/BT»AL 
CüMhüN/ÜA/   GAMl,tAM2,CPlrCP2 
COMMON/ZZERO/ZZEROilH0vE«UZZER0fDTZZEB»FACT 
COMMON/OEßUCi/lOEÖUl. 
CüMMüN/bLASl/IBA,B<.CUNfSPEE0»RJfcL2_  
REAL   MHEL»MRELUMHEL2 

 I^(K,EO,3)_GO_TO_3 , 
GAKs&AMl 

CP»CP1 
1*1 
N«2 
OPT«-l,0 
GO   TO   4 

J  CONTINUE 
GAM«GAM2_ 
CMCP2 
I»IR(2)4l 
N»IR(2) 
UPTsl.O _ 
CONTINUE 
62sGAMtit 

GlsGÄM-l. 
AL«1. 
bT«0. 

MREL«(Ü(i)-«Ck))/Ä(n 
lOsOPT   _   
L«N-IFI)i(ÖPT) 

STtPs0.r2 
IFLGM«0   

i   CONTINUE 
IFtABSCMHED.LE.l.O^ND.IT.GT.J)   IFLGM«i 
IF(lFLGM.EQ.l)   MRELaSlGNd.ü^REL) 
2N(I)«Z(I)»(AL*o(K)»BT*^N(K)J>Dr  

1   ZMN)sZN(I) 
_ IF(K,E0.3)   GO  TU  6 

CALL   CL(ITUBt) 
lf»N(K)suN(I)-Mt.L*AMI) 
GÜ   TG   5 

6  CONTINUE   
CALL   KS 
IFCIBM.EQ.O)   nN(K)BUN(I)-MREL*AN(I) 
ZOUMBZN(N)/RJET2 
IF(IB*«.EQ.l)rN(K)iSPEED/SQRT(l,0«3nCON*(SQRT(ALOG(ZDU^   ))/ZDUM   )) 
IFdb^.EQ.l.AND.bT.EO.O.O)   GO   TU   6 

S  CONTINUE  
Vl«UN(I)-rtN(K) 
RHl«RHN(I)   
Pl»PN(I) 

l  i . 



TH lit 
XMlsVl/AN(I) 
XM128XM1*XM1 
V12:b2*XMl2/(Gl*XM12f2.) 
uaniMiM  
RHpsRH1 * V12 
P2«AL0G((2.*GAM*XM12.G1)/G21»P1 
U2»V2fWN{K) 
AP28fcXP(P2) 
IFCIFLGM.Eü.l)   60   TO   7 
IFiJbA.EQ.l.Ai^.K.tS.S)   GO   TO   7_ 
CALL   LPÜINTIN,ÜPT,ID#M) 
A6«GAM/(AL*A1( 1 ) ■» HT*AN(Nn  

IF(iMOVE.f.Q,0)   GU   TO  2ü0 
 A7«GAM*Xj*(AL*(Ul(n-0Zikfi0        )/(Zi(U-ZZEHQ)  

I     ♦BT»(UN(lNi)-DZZfcRU )/(ZN(N)-ZZtRÜ)) 
_. AJ.=_A7*J?J  .   

GO   TU  210 
-IM A7«Xj*GAM*DT*(AL*Ul(n/(Zim-ZZERüUBT*ÜN(M/(Z^ (»Hü 

IEH0)) 
219 ^.SsPULUrPPT *A6* LUl-üUUJ  

P2SSP2S-A7 
 AP2SsEXP(P?S) _  

ERRüWs(AP2-AP2SJ/(AP2*AP2S)*2,0 
IF(IDEBUG.Eü.2) ARITECb.lOl IT,I,N  
IF(I0EBUG(EU.2) wRITt(6,20) MREL* ZN( 1) » ZMCN) ^N(K), ÜN( 1), A:\( I) f 

 m>»Ht.»l«««lt   
IF(IDEBUG.EQ.2) WNITE(6»20) XM12»V12*v2»RH2rP2*V2»AP2, Ab»A7»P2S 

 IFIlDEBUGtEQ,2) wRITEi6,20) AP2S, EHRUW, XJ  
IF(ABS(ERROH),LT,l.E-0«) GO TO 7 
SlsSlGN(l..EHRUW)  
SSTEPsSIGN(l.,STtP) 

 IFiABSXMHED.Lt.l .OS^AND^ABSCSTEPj.NE.OtOl)   STEPsO , 0025*SSTEP 
ITelTfl 
ir(lT.6T.7» Gü TU HO 
IF(iT.GT,2) GÜ TG ao 

50 CONTINUE  
MRELlsMRkL 
ERlsERHOH _ 
S2SS1 
MREL«MHELj»STtP 
GO TO 2 

«0 CONTINUE 
IFIS1.NE.S2.UR.IFLAU.E0.1) GO TU a5 

 IFlABS(ERRüR),LEtAbS(E«l)) GO TO 50 _  „_      
STEP»-STEP 
GO TO SO       _   „_ _ _ 

110 CONTINUE 
y.RITEtb«lll)   K,WtL+üJtHHijP2  

111 FURMAT(5X#*TUü  MANY   lUHATIO'MS   IN   SUBROUTINE   SHUCK» ,2X, *^s*, 15» 2X, 
  t*WREL«*fE13.5»2X»>U2««>E13.5>2X#*RM2K<>yEl3,5»2x>*P2 = *>E13,5) 

STOP 
12Ü CONTINUE               _   _ _ .  _ 

WRITE(6»121) 
121 FUHMATCSX,»ABSOLUTE VALUE OF ^ACH NUMBER IS LESS ThAN Q^E») 

CALL EXIT 
«5 CONTINUE _   _  

MHEL2cMHELl-ERl*(HREL"MRELr)/(ERRUH*ERl) 



TH 181» 

MHtLl«MREL 
ER1«ERR0R 
MR£L«MREL2 
IFLAG>1 
GO TO 2 

7 UN(N)gU2 
RHN(N)«HH2 
PN(N)sP2   
8N(N)cSN(I)tC>*((PN(N)-PN(I))/GAM*AL0C(RHN(N)/KHN(I))) 

_AN(N)sSQRT(GAM»AP2/i?Hi)  
IMbT.GT.O.) 60 TU 9 

6 CONTINUE  
BT«,5 
AL«,5 
IT«1 I- 
IFLAGsO    
STLP«0.02 
1FLGM«0 
GO TO 
RETURN 

10 F0RMAT(iai5) 
20 FORMAT (JOE 13,5) 

" END 

•*5-          



SUBHOUT 
01_MENSI 
ÖIMENSI 
-D*T± SB 
Nb=N-l 
1F(N0.LT.?) v,0 TU 20 

INt SHLINfc(X,YrN,EM) 
ON Xt^),Y(N)      
ÜN St«U5),G(25),fcM(25) 
Uli >ftU)/»0. 5»0.0/ 

TM 181» 

Du 10 I 

C s (X 
*  « 2,* 
söcn s 
F a (Y( 

s2,Nü 
I)-Xll 

(A + O- 
C/ft 

xcin/b". 
4*SH(l-l) 

10 
20 

30 

G(I) s 
tM(N) c 
00 30 I 
K S M+l 
tM>) s 
WLTUHN 

(F-A«»., 
G(N»1 

= 2»\ 
-I 
G(K). 

ci))/tx(i»i)-x(n)-(Y(i)-v(i-i))/(x(n-x(i-i)) 

)/(2,*Sa(N-l))            

SbCKj^EMCK^l) 

■W- 



 TM lii  
SUBKOUTINE.   SMLlM(X,Y,N,Z,Hl4X,YlNT,OY0X,Dt2üX,£M) 

J)lMENSlON_ X(N), Y (N), Z (MAX) , YINT (MAX),DYDX (MAX) ,DY2DX(MA*) 
OIKUSIÖN   tM(2b) 
DATA  SR*/Ü/  
INTtGt« SHA 
III » SR». 
ÜO 140 1=1,MAX 
K«2     
IF(Z(I)-X(1)) 70*60,90 

60    YlNT(l)sVCl) _ 
SK * XCK)-XlK-l) 
60 TO 130  

70    lF(Zm,Gt.(l.l*X(l)-.l*X(2)n GO TO 120 
C    WRITE (6,JOO0) 2(1)  

SHV. x ib 
_Gp _1P_ ill  

60    KsN 
IK(Z(I).LE.(1»1*X(N)-.1«X(N«1))) Gü TO 120 
MRITL (6,1U00) Z(l) 
SRW « 16  
GO TO 120 

90 IfiLtI)-X lM )_ 12^iJQAt 1LO. 
100     uMuTiTcÄ) 
 SK 8 X(K)-X(^-1)  

GO TU MO 
UO   K«K*l       

IF(K-N) 90,90,00 
120  COMlNUt     

"Sk « x(M-x(K-i) 
 YINT(I) s fc^(K-n*(x(<)«Z(I))*»3/b./SK  »EMCO »( Z ( U "X (*-!)) **S/t>i 

♦ /SK*(YIK)/SK  -tM(K)*SK  /6,)*(Z(I)-X(K-l))*(Y(K-l)/S^  •6.^(K-1) 
♦ *SK/6,)*(X(K)-2(1))     _  

130  DYÜX(I)s-tM(K-l)*(XU)-Z(i))**2/2.0/SK  ♦EM(k) * (X(K-n-Z( l)) •*2/2. 
♦ /SKt(Y(K)-Y(K-n)/S^  .(EM(K)-tNHK-n)*SK/6,  _    _    _ 
ÖY2DX(I)stM(K-l)*(X(K)-Z(n)/SK*tM(H)*(Z(I)-X(K-l))/Sl< 

UÜ   CONTINUE  
MXA s MAX0(N,MAX) 

C     IF(S«ft.EU.l6) ^RITt(6,10l0) N,MAX,(X(I),Y(I)jZ( 1),VlNT(l), DYDX(l), 
C    ♦0Y20X(I),I«l,XXA) 

SR« « 111           __     
RETURN 

1000  FORMAT (5<*H SPLINT USED FUR EXTRAPQLATIUN,  EXTRAPüLftTED VALUE «_.,_ 
♦ Gl**%6) 

1010     FORMAT, (2X,21MNU.   OF   POINTS  GIVEN   «,IS,iOM,   NO,   OF   INTERPOLATED   PO 
♦ INTS  «,I3/10X, lhX,l9X, JHY,lbX, U MX-INTERPOL,, 9X,UHV-I«.TE «POL., 
♦8x,l«MDYDx-lNTEHPULf,6X,l5MOY20X-INTfeRPüL./(6E20.b)) 

ENU 

-«•?- 



 TM Ififc  
SUHRÜUTINfc   STEP 

COMMÜN/O/lRC^J.GAK.Xj^CPrOZjDT 
COHIMMl/fi/fcK.LL.KO.tmg^TlI^r 
CÜMMON/DZ/   DZ^1N»ÜZ*1AX 
CQMMQN/GA/   GA^UbAVig.CPl »CPg 
COMMON/üTSTAb/üTSTAS 
DL« L. E ♦ 06  

^CLs? _   _  
NCH«lH(t] 

_C PNIJ N U t  
D2slzCNCM)-Z((v,CL))/FLUAT(NCM. 
IMDZ.ÜT.DZMIN)    GH   TO   10  
IMNCL.Nt,?)   liü   TU   20 
IMInm.U.u)   GU   TO JO.     
6AH«CAM1 

NCL) 

20 

CALL   INTER(l.lR(l),-l) 
HIUJlfLUi*!  
NC^sIKd) 
iO TO  ^          
GAMSGAM2 
-CP = CP2  

10 

IF(lW(2)-lR(l).Lt.3)   GO   TU   10 
CALL INTEBdKCU/IRCajj-l)  
NCM=IR(2) 
5ü 10 %      
CONTINUE 
IF(DZ.LT.DZ^AX)    ÜO   TQ   UO 
IF(IH(2).Gt,199)   GO   TO 
JF(NCL.NE,2r Gü   TU   JO 
GAFxGAMl 
CPsCPl _   _      
CALL   lNTER(l,lH(n,M) 
JAtiUlÜLLÜ]  

ao 

NCMsJKd) 
GO TO 5 

30 GAMsGAM2 
CP5CP2 
CALL   INTtR(IR(Uf IN(2),*U 
 N QMjs I p (} )  

GÜ TU 5 
aO CONTINUE _   

DO  7   IsNCL   .NCM 
Ul= _        Ud) 
Als A(l) 

** l JL* S Si CLL/ *J1±LM  
OTlsDZ/Al/XMl 
JFIOTI.LT.OTJ   DTsOT_l  
CONTINUE 
IF(KtEQ,2)   GU   TO  b 
IM1W(2)-IK(1),LE.2)   GU 
K«K»1  

Tu   6 

NCLsNCM+1 
NCMsIR(2) 
GO TO S 

-1,8- 



CONTINUE ™ ,W 

DTsOT*DTSTAB 
TT«TIME*OT 
1F(TT. LT.TIMfcF ) _R t J UR U_ 
DT»T1MEF-TIVE 
KKsKQ  
RETURN 
END 

.|,9. 



 TM iah  
SUBROumt   IME.W(ll,IF,IOPT) 

.CflM!:'QN/A/i(200),PUOO)iUUOO),ffH(goo)#S(200),A(20Pl,w(;ä) 
COMHO*(/lt/IN(200)rPN(200)(UN(200)ffiH*t(200)«9N(200)*A*l(260)»«N(i) 
CQ?*W/0/lH{2),bt*,xjtC\>,0it01            _       .___  
COMMo'N/F/HJE.T,X,viE,kE.#AE,HlNF,AlNF,UINF,HHlfgF 

LIilliiJ  

IFNsIF + IOPT  

IF(lF.tU,lR(2)) 
DO   1   IS1I2.IFN 

ICljv>slR(2)*l 

_L0_ 

RATs 

IN» 
DO l 
JusJ 
1F(Z 
COM 

FLüAT(I-IU)/F 
UÜLUJDtCZliF 
0   JsJI»IF 

LOAT(lF^-IIl) 
)-Z(UlJ)»«AT 

{J)-ZN(I)J 10,3,2 

100 

1KZ 
WRIT 
FORM 
STOP 
U N( 
S M( 

(IF)*.0ÜÜ1,GT. 
H6,10Ü) 
AT(*   tRr<üK    IN 

ZNCDJ   GU   TO   3 

SjBHÜuTlNt   INTt R*) 

I)su (Ju) 
(JO) 

P N(1)=P (J 
A NU) = A (J 
RMN(l)sRH(J 
JlsJM  
GO   TO   1 

U) 
U) 

RATs(2N(n- 

RMNmsRFKJ 
P2stXP(P(JL 
PN(I)2P2*(t. 
SNcnssdüu 

lUL))/ 
♦(U(JU) 
L)*(Rn( 
)) 
XP(H(JU 
v>)»CP*( 

(Z(JU)-2(JL)) 
-J(JL))*RAT 
Jü)-WM{JL))*RAT 

AN(l)sSaRT( 
PN(I)sALf)G( 
JIsJU 
CÜNT1NUE„ 
»5i»rK*i 
IR21«IR(2)» 

))-P2)«HAT 
(ALOG(PN(I))-P(IDUM) )/GAM»Ai.üG(RHN(I)/RH(IDUM) ) 

GAV»PN( 

PN(1)) 
1)/HMN(I)) 

DO  tt   I=1FI,IN21 
JsUIOPT 
Z  N(J)5Z 
U  ^(J)=U 
S  N(J)sS 
P   N(J)sP 
A   N(J)sA 

(1 
(I 
(1 

JJ 
(I 

HMN(J)sRH(I 
iR(2)sIH(2) 
IR21SIR12)* 
DU 5 1=112, 
z u?sz *n 

) 
) _ 
♦ 1UPT 
1 
IR21 
)  

U (I)sU N(I) 
S JUsS N(l) 
P   (I)«P   N(I) 

•50- 



-DUAL 
A   (I)sA   N(I) 

Hi TURN" 
END 

■51- 

i 



SUfaROUTINfc   iNll 
CJQ_''^O^l/ft/Z(^00),P( 

CÜWMüN/F/HJtT,xyt, 

TM m 

CU^WON/DZ/DZ^l^rOZ 
CüMv'ÜN/nT/E.v«P{«»b) 
coMMo^/I^IT/PM(^5) 
COKMON^MCL/ZZdS) > 
COMMOÜ/C/KK.LLfKOf 
CD^^'(t^/zz t^ü/Z Z LPJJ 

 IM ma  

200),U(iOO)l_RH(jOOJ,SC200),A(gOOJ,»v(Ji  _ 

■»XJ.CP.ÜZ^OT  
PE,AE,P1NF,AII\F,UINF,«H1NF 

^SiCPliPPg  

äN(3) 

IN'AX 
,tMAt2b)«EMV(2b),^üX 
»AV(a5),X^M(2b),TM(25") 
Z<CL(iS),E^CL( Jb),r>iUv";> 

IlviErTIfEF 

c« * ** 
Ä  
c 
c*» *« 

CU^MUN/DEBUG/lOttiU 
DIMENSION zMn»x;v 
OA1A   TSTEP,tHHvAL, 
DATA   TJUMP/1,^/ 

******************* 
SueftQUTlNE   IMT    IN 
THE   ÜISCUNTINUnit 

««A**************** 

DMINsKJET 
JDlJ^sINT(Xjtl,b) 
JMrJDUM-l 
6^»ti AM ^-1^  

II^ErTIfEF 
. IMüvE.OZZERO.ÜTZZK*.''ACT  
b 
(U,DXM(n,D?XW(j)          
^AX/l,EtOJ»0,001,1/ 

**************************************** 
J IJALIZES   A^L   P'JI'vU>   UP8T■ l-.AM   ANÜ   D3*\SI 
S 
A*************************************** 

J_RE_AM  yf 

«*«»*«*» 

GJsGAM/Gl 
Guri,o/Gl 
GSsGAMlf1.0 
GbsGAMg-i.ü 
G75GAM2fl,0 

IH1P=IR1*1 
1^?=IK(2)    _  
IK^PalHa*! 
ZtsZZ(l)*PJET-«JtT 
TIMT = TN(1)»(TM(INUM)-TM(1 ))/TSTEP 

JJEPlsl  i 

If U^UVE.EU.l)   GU   TO   a 
ZZEPü-rÄ).T*RJET  
02Zt«UsO.O 
DTZZEHsO.O     
CONTINUE 
XM I ^ OVE.EQ.l.AMJ.FACT.EO.O.O.A.MQ, JOU V.NL»i )    UlJMpsS.Q 

10 

CONTINUE 
TleTMd) 
CALL   »'UZZLEdWPUAWX^l) 
U t« V *• 1 • * I 
T2=TIMT 
CA.LL   KUZlUm,Pi,*l,**2) 
ij2sxMd«A2 
DfcLTrTINIT-TM(l)  
ITEHZsl 
ZLUrsZE 
ZUPsZE* Ul*TINll 
COMINUE   
ZMDsZLÜir.*0,2*(ZUP-ZLDw) 

C< 
C DETERMINE   MACH   NUMbER   AT   MACH   DISC-PUINT   I 

-52- 
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TH 18* 

 2M(l)s2MO/HJtT*1.0        
CALL SPLINT(ZZ»ZWCL, INUMP,Z^A'x,XM,0XM/D2XM,twCL) 
XMMO=XM(i) 

_c LOCATE: ORIGIN UF STWEAMIIME AT MUZZLL LXIT  

ITENSsl 
RÄTIÜ=0,5 

20 CONTINUE 
TDüKS = f<4Tlu*TINIT*(l ,0-KATIO)*Tl 
UE = RATIÜ*U2»(lt Oj^w AJ 10 )*Ül  
TUUKKsl IMT-(ZMD-2t)/uT 
ERRs(TDUvS-TDUMP)/TC)UMS   
IF(TÜUMP,LTtTl,OK,TDuMP.GT,TINlt) GO TO 650 
IF(AbS(tK«),Ll.tRkvAL) GO TO 300  
ITtRSsITERSM 
IF(ITEKS.GT,aO) GO TO 200  
WATIUS(T1-T0UMP)/(T1-TIN1T) 

_   GO TO 20   
200 CONTINUE 
__IF(IDEBUG.EQ,3) WRITE(6,2000)         _      

2000 FORMAT(lX,tiou MANY ITERATIONS FOR LOCATION OF STREAMLINE IN SUbWO 
  lUTINfc INIT*) 

CALL EXIT 
500 CONTINUE  

PE = RATIO«P2*("l,-RATIO)*PV 
 AEBHATIO*A2f(l,-«ATIO)*Al  

XMt«RATIC)*XM2+(J t.KATin)*XMl 

C     OETEKMU.E PROPERTIES AT POINT I 
C************************************ ******** * * * * * A * * * * * * * * * * * * * ******** 

Fl«r,0*0,5*Gl*<ME»«2 
_F2al,0f0.S*Gl*xMMO**2  
PPEs(Fr/F2)**G3 
 RHBEs(Fl/F2)«*G*  

P(l)sPPE*PE 
 RHEsGAMl*Pt/At/AE  

RH(1)«RHRE*HHfc 
A(l)sSÖRT(GAMl*P(l)/«H(l))       
U(I)»X«'IMü*A(l) 
INlTERsU(l)-l,10«A(l) 
IF(IMOVE.fQ.O)   GO   TO   lb 
ZZtRClsZMD»FACT 
DZZtROxwlTER*FACT 
D1ZZEK=0,0   

15  CONTINUE 
IFdDEbDG.tO, 3) 

IAHITE(6,1)   Pt,At,XNE,P(l),MH(l),A(n,U(l)»wITtR 

C DETERMINE   PROPERTIES   AT   POINT   2 
C"*******************************«**. 

X^PTlsl.lO 
Xls(?t*GAMi*XMPTl**a-Gn/C5 
P(2)«XI*P(1) 
FXIs(G5*XI»Gl)/(Gl*XUG5) 
U(2)swITER*(U(l)-wIT£R)/FXl 

•53- 



TM  tit 
RH(2)sFXl»RMCl) 

 CONSMDsHh(2)*u(2)*(iMD-2ZERJ0)_*_»J^  
IF('lDL6Ü6.LU.3) 

 IMI_TE16,1)   XVPTI,X1,PC2),FXI,U(2),RM(2)  
C******««**A************************************************************ 

_C DETLftMINfc   BLAST   rtAvE   PROPERTIES  
C**«A**««**«**««******************************************************** 
 XlBwsP(2)/PlNF       

FXlls(G7*XIÖrt*l,b)/(2,*GAM2) 
..__.- VSBwsStjRTtKXl» »GANJäPINF/HHINF) __    

FXl2s(C7*Xli3n*l,6)/(Gb*>iIÖA*G7) 
 HH(lR2)sFXIg*Rn;NF  

UOUM2=VSBÄ-VSBrt/FXl2 
ZSHKsZf♦vSbA*OELT     
Ct)NSBA = RH(IW2)*UDU'«2*(ZSHK«ZZEHU)**JW 

C*********************************************************************** 
C DETERMINE   PKUFENTltS   AT   MO   SlOfc   ÜF   CONTACT 
C************* ******* **_** ***************************** ************* * *_*•_• 

CüNST=CÜNSM0*l)tLT/KH(2) 
 _GO_T^ tlQ2,iPt,l00)tJpiJM  
100 CONTINUE 

ZCsO,5»(ZMü*ZS«H)    
ITEHZCsl 

iO CONTINUE  
YDUNsZC**5-2,*ZZkRO*ZC**2*ZZEHU**2*ZC-CLNST 

 PYpUM«3,0*ZC**2-«t0*ZZtWO*ZC*ZZfcRO**2  
ZCOU»«sZC-(tüUM/üYDU^) 
EftRZCa(ZC-ZCO'J^f)/ZC _  _     _ __  _     _ 
IF(10EBUG,EQ,3) WHITEC6,3) I T ERZC, ZC , ZC0U*l, YDUM, DYÜU^ fc-^HZC 
IF(ITFWZC.GT.20) Gü TO «0  
ITEFZCrITfcRZC*l 

_IFCAbSiEK»»ZC),LE,tKWVAL) Gü TQ SO  
ZC=ZCOUM 
GO TO 10 ,  

«0 CONTINUE 
IF(IDE>?UG.EQ.3) AWITECb.SOOO) 

bOOO Fü«^AT(lX,«TOU MANY ITERATIONS ►OR CONTACT POSITION IN SU8MOUTINE 
UNIT*)      _      _ _       _        
GO TO bSO 

101 CONTINUE                 _         _ 
ZCs(ZZERü*SU«T(ZZEfcO<»*2*«.*CONST))/2,0 
GO_TO_5fi  

102 CONTINUE 
ZCsCONST  

50 CONTINUE 
UClsZC/UELT 
PClsP(2) 
 RhClgRM(2)  
C*****«A**************************************** 
C DETERMINE PROPERTIES AT Bw SIDE OF CONTACT 
C************************•••******•*************. 

PC2SPCI  _     ^  _     
UC2SUC1 
RHC28C0NSBrt/(UC2«(ZC-'ZZERÜ)**JM)  

C** 
C     CHECK SOLUTION USING DENSITY AT bM SIDE OF CONTACT 
C***********«*************«******«**********************< 
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IURZSITERZM ™ ••*      " 
ERROR a(R H (J R 2)•»MC tl/HW(IR2)  
IF(lDtBUG,ECl,3) 

IKRJJE (6, 3J _ITERZ, > IBwf VSBw^RMdRZ) yRHCZr ERWOH,ZWO»ZC> ZSH< 
IF(AeS(ERRÜR).LE.ERRVAL) GO TO 700 
IF(ITERZ.GT.20) GO TO 600 
IF(ERROR.GT(0(Ü) GO TO 500 

 110** ZM?  
GO TO 10 

bOO CO^TI^UE   
ZUHsZ^D 
GO TQ IQ  

600 CONTINUE 
_JF(I0EBUG,E3,3) j\Rl_TE(6»3000)_  

3000 FURKAr(lX,*TOU MÄNV ITERATIONS FOR SHOCK VELOCITY IN SUBROUTINE IN 
^in»)  

bV0   CONTINUE 
ITERT=ITERT»1 
IF(ITERT.GT,«»0)   GO  TO  675 
TINIT«TJUMP*TINIT 
GO   TO  5 

675  CONTINUE  
wilXfE(*f4i000) 

4000 KüR*flT(l>,»TUÜ MANY ITERATIONS IN SUBROUTINE INIT FQR THE INITIAL 
ITlMt STEP») 
CALU EXIT_      

700 CONTINUE 
 IF(ZC,LTtZMü,OR,ZC,GT,ZSHi<_) GO TO 600  

IFCZMO.GE.OviIN) GÜ TO 750 
 TlNlTsTJUMP»TINIT  

GO TO 5 
750 CONTINUE_        

C     DETERMINE ALL FLOh PROPERTIES AT THE OISCONTJNUITIES       

 TIME«TIMT  
l«(l)«wITER 
Z(l)sZMO_         
S(l)s0.0 

 A(nsSORT(GAMl*P(l)/RH(l))         
P(l)«ALOC(P(l)) 
 I(J)«1CII 

S(i)«S(l)*CPl*((ALÜG(P(2))»P(n)/GAMl-ALÜG(RM(2)/HM(l)J) 
A(2)«SGRT(GAM1*P(2)/RH(2).).  
P(2)sALOG(P(2)) 
ZdKDrZC 
S(IRl)sS(2) 
f(lW1)aAL 0 G(PC1)  
RH(If«i)sWMCl 

_U(JR1)«UC1  
Ä(IRl)sSORT(GAMl*PCl/RHCl} 
W(2)sUCl ^ '_ 
Z(IR2P)=ZSHK 
P(IR2P)«ALOG(PINF)  
U(IR2P)sUINF 
RH{IR2P)sRMINF    
S(IR2P)«0.0 
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A(IR2P)sSQRT(GAM2*PINF/RHINF) 
■AiUlMiiB  

TM 10» 

Z(IR2)sZ(IR2P) 

U(IR2)! 
UlMili 

UDUM2 
CP?»((PCIR2). PHR2P))/ÜAM2-ALQG(«H(IWg)/WHlNFn»S(IWgP) 

A(IR2)sSQHTlGAM2*tXP(P(IR2))/RM(IR2)) 
m&mi zii Bi)  
P(IRlP)sALOG(PC2) 
_umipj=uc2  
RH(lRlP)«t<H(IK2) 
S(lRiP)=S(lH2) 
A(IRIP)=SQRT(GAM2»PC2/RHC2) 
iDumaiwm    
IDljM2slH(21 
2_DUML»(llIPU^l)-Z(21)/fLQATClDUMl-21. 
IDUI'2B(2(X0U,*2)-Z(l0UMt))/FLOAT(lOU*'2< 
DZMlN3DZMIN«AMlNltZPUMl.ZDU^g)*0.99q 

1DUM1-1) 

DZMAksDZI^AXtUZ^IN* 1.001 
 ^tlUR^l  

I   FORMATC10tl5,b) 
^_F ÜRMAT11U 15)  
l   FÜBMAT(lI5,8tl3,5) 

END  
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SUBROUTINE ACOüS(ZCON»ZBM,ufrcbNMO»NMORCr) 

C     VAH(l) IS TIME 
JC VAR(g) IS Z 

COMMON/F/RJET.XME^PE^AE.PINF^INF.UINF^RHINF 
COMMON/G/KK,LLfKO,TlMfc,TFINAL 
COMFON/GA/GAMl ,Hhif CP\,C_P2 
COMMON/BLAST/IBA^BMCDN,SPEED,RJET2 
COWQW/KUTIi/ CUVAh (2) ryAR (2), C1 tOEja2.) »1L 
DIMENSION   tRRVAL(n.ELT(l)»ELEl(n»ELE2(l) 
DIMENSION   K<MT(20)>PFn(20),RHüFIT(20)fRFlTU(20),UFIT(20)  
DIMENSION   E^FITP(20),EMFITH(20),EVFITU(20) 

_OIMENSIÜN_XOUM(1),YDUM(1),PVPUKCI)>D2YDUM(1)  
DATA   IFIT,100^/20,1/ 
DATA   (RFIT(I)>Ig|>20)/"50.0.-a5.0,-aOiO,«3b.O»-30.0,»2 7t5>"25tO> 

1                                                  •22.5»-20,Ö,-l7.5»-r5.0»-l2,5,-lO.O,-7,b» 
J »5.0»-2.b>0.0f2.5>5.0>7.5/  

EXTERNAL   0ERSUB7CHSÜB 
00  6   Ir^IFIT  
RH0FIT(I)sPFIT(I)/GAM2 
CONTINUE 
CALL  SPLINE(RFIT,PFIT,IFIT,EMFITP) 

JCALL  8PLINE(RFIT»RM0FIT,IFIT,EMF1TR)_ 
CALL  SPLlNE(RFltu,UFrt,IFIT,E^Flt"Ü) 
IMDsO 
Nal 
ITEXT«0  
NT«! 
ELT(1)«TFINAL 
SPECsb.O 
CI«OT 
CIMAXsO.O 
EI.EHDeO.OOl 
ELE2n)«Ö.Ö 
VAR(n«TlME 
VAR(2)«2BN 
II«0 

3 CONTINUE ~ 
CALL INT I A(11,N,NT,CI•SPEC »CI^AX,IERR,VAHfCUVAKrQEW,ELEl#ELE2rELT, 
rERHVALrDERSUB,ChSÜb,ITEXT) 
•<Q«KO*I    
GO Tü(i;i»2,2J»IERH 

I CONTINUE __^  
IF(KO.GE.ivK,OH.VAR(l).CE.TFlNAL) GO TO b 
IF((KO/LL)*LL,NE.KO) GO TO 150  

5 CONTINUE 
-57- 



 HUM. 
nPITUbf 1000}   KO^VARd) 
tpuwirintn  
20UMsVAR(2) 

CA*_**A*_** * * * • * * * ••A* *.*_** •••*•*••*• *** § ****** * * * *_•* * *_*_* • **»*«***>***** * * * 
C    CALCULATION OF THt«UCH OttC LOCATION 

iC/Ti.,rv    en     t\     t-n    *■>    M. IFdMD.EU.l)   tO   TU  b 
CALL   MU^ZLEnOUMjPt.AtfXME] 
PRAT«Pt/PINF 
IFlPWAT.Gt.O.O)   GO_T0  7  
IM0=1 IMOsi 
bü   TO   b 

7  CONTIMJt 
Z^U«CüNM0*X^fc*S0HT (GAMlf»PHAT) 
1>(2M0,LE.UÜ)   I^Osl 

b  CONTINUE         

C CALCULATION   0^   THfc   ACOUSTIC   ^AvE   PHUPERTItS  
C*****************************A A**************************************** 

_  JtLUUi ,«000 )  
IF(IMD.EQ.O)   wWITt(b,lO)   HULJrZ^D 

 HOL «Müua  
DO   100   1=1.20 

 KAJUlsFLOATU-n/l^  
RDUM=ZCÜN*RATIO*(Z0üM-ZCON) 
XDU^tns(Rl)Uwi-SPEE0*T0UMJ/(W%;ET2*ALOGCRDUM/JJtT2i) 
IFCXDUMtD.GE.RFITd))   GO   TO  20 
PKE5 8 »1 iQ._  
RHOsl.O 

GO   TO  30 
20  CONTINUE 

CALL   SPLlNT(RFIT,PFlf,IFIT,XDUM,iÖUM»Y0UM,DY0UM#D2r0Ü^fEMFltp) 
PRESSsYOUM(l)*RJtT2/RüU^*l,0   _        _             
CALL SPLINTCRFIT,RH3FIT,IFIT,X0UW.IDUM,Y0UM,DY0UM,ü2y0JM,EMFITR) 
WHO«YDUM(n*RJETc>/R0UM»1.0  
CALL SPLlNT(RHTU»üFIT,IFIT,XDU«»10UM,YOUM,DYOUMr02YOUMlE^FI[U) 
UVALKRHO-l,0-YOU^(U*iMJET2/«OUMJ«*2*RHURCT  

30 CONTINUE 
IFU.EU.aO) HULSHUL2  
Z0UMHY«H0UM/RJET2 
»RITE( b .10) HUL/ZUU^^Y.PRESS.RHOiUVAL . 
MOL«HULl 

10Ü CONTINUE _        
IF(KOtGE,KK,OR.VA»(l),(j'E,TFINAL) GO' TO 4 

ISO CONTINUE 
GO TO(3,3.^«).II 

2 CONTINUE 
WHlTt(b,2ÜüO) IERR 

__CAL^EXIT  
a CONTINUE 
«RITE(b,3000) 
STOP 

10 FORMAT(lX,A2t«E13,S) 
1000 FORMAT(1H1,10X,*SUP s* . H . I OX , *T I ^t s*,El3,S,//) 
2000 F0RMAT(//,JXf26KINTl NON-CONVERGENCE, Il.HRa» 12) 
3000 FOHMAT(//,lX,17HtND CONDITION MfcT) 
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aOOO   FORMAT(9X,3HZ/D,10X,lHP,12X,3MftHO,lOX,lhÜ) 



TM m 

***** 

 IÖ_UU  
SUHRüUTINEIMlA(n.N,NT#CIfSPEC#CIMAX,lE«R   , VA«, CüVAK, OEW, E 

lELEafELT^tRRvAL.&E^SUÖ.CHSUB.irEXT) 
****   DOCUMENT   DATE   09-01-68        SUBHOUtr 

LEI 

l 
DIMENSION SlVAR(?0)rSELLl(20),ELEl(aO)>ELE2(20),DEK(i> 

FDERV(21}« SDY(20).SDV1(20)> VlUCH(20)r ERRVAL(20)r E 
2ELT(!0)>SELT(13)>RELMI^(^0)>STEP(3) 

ME REVISED 0B-0l-b8 •* ******< 

20) 

DIMENSION VAW(ai),CjVAR(2n 
JNTEGER U X (I b)  
INTEGER CODE,TPSM/Sü^HAF,STEP»TEST,OCODE 
REAL Kl  
BEGIN INITIALIZATICTN 
IF (II .GT. 0) GO »3 S20  
TP»0 
SSPtC=SIGN(SPEC,CI) 
SCIMAXsSI&N(ClMAx,CI) 
VARls     VAR(l) 
IF (CI ,fcQ. 0,0) Gü TO 
IF (SSPEC .Eü. 0.0) GO 

151 
TO 7 

/ 

IF ( 
1SCIM 
TEST 

_IF(A 
TPsS 
GO T 

ABS( 
AXsS 
TO 

BS(V 
SPEC 
0 7 

.GT. ABS(SSPEC) .OR. SCnAX .EU. 0.0) SC1MAX) 
SPEC 
SEE IF VAH IS ZERO 
ARl).GT.lt0E-H)GO TU 2 

2 IF ((VARl/SSPEC) .GT, 1,E-13) GO TO U 
J_Kl»0,0   
COT06 

U Kl»lt0     
6 fPsVARl-AMODCVAHl,SSPEC) 

IF(ABS(TP-VARl).LT.l.E-12)Klal.0 
TP«TPfKl*SSPEC 
I_F {ABS((TP-VAHl)/VARn .LT. I.E-IU TP 
TEST FOR OIHECTION DF INTEGRATION 
KlsItO _ __  
IF (CI .LT. 0.0) Kls-l.Q 
ClKiCI*Kl   

s TP ♦ SPEC 

CIMAXKcSClMAX*Kl 
TPKcTP«Kl 
VÄHKrVAKl*Kl 
SET UP STORAGE FUR 
NPlsNM 
NELTsi  

INTERNAL USE 

REMAINsO.O 
NHAFsQ 
NTSsNT 
SU^HAFsO 
LOUPsO 
DO 91 IrUS 

91 STEP(I)sO 
_ItRR«l  
DO 6 U1,NP1 
CUVAH(I) svAR(I) 
DO 101 lsl,N 

6 

101 3EU1(I)»ELE1(M 
IF (NT .EU. 0) GO TO 13 

100 IF (NT .EO, 1) 60 TO 10 
NTMl«NT-l 
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TM m 
tLTK«Kl«ELTCn 
Du 8 IgJ^NIMJL 
ELTKisKUELrdfl) 
IF   (ELTK   .LT.   ELT*?)   Gü  TQ9 
GO  TO  500 
ELT^ELTKg  

10  CÜMINUE 
 ELTK8Kl*fcLT(N£LT) 

IF   (VARK   ,LT,   ELTK)   GÜ   TOU 
.lF_-tNELT   .LQ,   MT)   GD  TQ  13 
NELT«NELT*1 
60  TQ  IQ  

11   NELTL = NT-\tLTM 
 BCLlttU-  
13  NELTLsO 

_l2_J)Q_l<4._J=lfN  
ti   RELMlNCDsSELtKD/Ua.O 
 IF    (NT    .Eü.   0)   GU   TQ  99h 

00  995   Isl,NT Oü   tS*   Isi,NT 
♦tl  1ILTC liflUU )  
996  CALL   DERSUd   C11,CUVAR,DER, N, VAR) 
 if_a L . M«_i 1, ÄQ_m Jlfl  

DO   15   Isl»N 
15 FpfcRycngptwUM) 

Uli Il«l 
IE5.1 
DO 300   1=1,15 

J4Q.J.exiiL«0  
TE>i(l)«l 
 TtMg)»!  

KK3S1 
IF  111E.XII 635j_6ljL6i5. 

151   «RITE   (b,1000) 
.1P00   FP»MAl_i//HH  CI   18  ZERO) 

STOP 
I END  OF   IMTIALIZATUN 

520   11=1 
TPSHsO 
LTSMsO 

_VAR_K«VARUJ»Kl 
CIKaCUKl 
S1«VARK»CIK 
IF   (SSPEC   .EO.   0,0)   CO  TO  525 
KK«1        _     _  
IF (NELTL,tQ. 0) GÜ TU 17 
IF (ELTK-TPK) 16,16,17 

16 CV«ELTK 
CüOEsl 
GO TU 16 

1J_C_V«TPK  
CODE«2 

16 IF(ABS(CV),LTfl,E-12)GO_TO 530 _ .   
IF (CV-S1)20,2Ü,19 

19 lF(ABS((CVSl)/CV).GtL..lE-ll)GO TO 535 
20 IF (NELTL .EU. 0) GO TO 5«0 

IF(AHS((ELTK-TPK)/CV),LT,,1E-11)G0 TO 550 
IF (CUDE .EU. 1) Gü TU b«5 
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 ItLlM. 
540   DXrTP-VARU) 
 UX (b ) = I   

TP«TP*SSPtC 
TPK«TP*Kl 
TPSM«l 
GO TÜ 560 
SHORT IMtHVAL DUE. TO BOTH 

550__TP=TP4SSPEC  
TEX(6)si 
TPKaTP»Kl         
TPSHrl 
GO TO 5«5 
IF HlWt   CV IS LlKtLY ZERO 

530 IMSl,LT,-l.üt-li>)GO TO 5i5 
IF (CODE ,Eü, I) &Ü TO 550 

 IF (NELTL fEO, 0) liO TO 540 
lF(AüSCeLTK),LT,l.0E-l2)GÜ TO 550 
60 TO 5a0 
SPEC IS ZERO 

_525^IF(ABS(REMAIN).GTf tlE-ll)GO TO 96 
IF tNELTL ,Ef3, 0) GO TO 565 

9a IF(ABS(ELTK).GE.I,E-12)60 TO 21 
IF(SI,LT.-1,0E-12)63 TO 565 
GO TO 5a5   

21 S2sELTK-Sl 
IF(S2) 5«5,5«5,?2    

22 IF(ABS(S2/ELTK),LT,l,0E-i2)GO TU 5«5 
GO TO 565   
SHORT INTERVAL IS DUE TO ELT BLOCK 

5u5 DELTs SELT (IMELT)  
TEX(a)si 
OXBDELT- vA-f(l) 
REMAINsCT-OX 
REMAlK=HtMAlN*Kl 
LTSH«! 

NELT«NELT*1 
NELTLsNELTL-1 
IF(NELTL,tü.0)GO   TO  560 
ELTKBM*SELT(NtLT) 
GO   TO  560  

565  OXSCI 
TEX(3)=1   
GO   TO  560 

96   IF   (NELTL   ,Eü,   0)   UO  TO 98 
TF   (ELTK   .LT,    (VARKiREMAlK))   GO   TO   9« 

96   OXzREMAIN 
1fcX(7)«l 
RE^AlNg0tü  
GO TO 560 

535 DX«CI 
TEX(3)«l 
TEST«! 
GO TO 555 

"£     BEGIN RUNGE-KUTTA 
C __     

560 TESt*0 
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555  DO  24   I:l,N                                       ***#*- 
Ji_SLL¥AK CI1= _ _y |&fliU  
575  CUVAK(i)sVAR(l) 
37» PQ eS-lJiUA 

80Y(I)sDER(I*l) 
25   CUVAB(Ul}sSlVAR(n»fDX*DEW(I»in/2. 

CUVAR(l)sCUVAR(l)tDX/2.0 
CALL  OERSUB   (11 .CUVAR.DEW.iif WAill 
IF   (II   .tu.   U)   GO   TO   120 

580_Dü_26   lsl,N   
S0y(I)sSl)Y(IJt2,ü*üER(I*l) 

26   CliVAR(Un=SlVAW(l)t(DX«Pt:R(Itni/2. 
CALL   DERSUt»   (11, Cuva», DtR, N, V AR) 
Jf:_U I   .tu. ßAJtii JO_ 1 iQ_ 

585  DU  27   Isl»N 
 iDVn>«lPVllW2.0«ü61tfl»H  

27   CUVAR(IM)aSlVAR(l)+Dx«i)tR(I*l) 
 CUVARtl)sCilVAR(l)»ÜX/2.0  

CALL DERSUb (II, CUV A»), DER, N, VAR) 
 IF_L1I_.E.Q a.-«J CO TO 12fi  
590  DO  90   l8l,N 
 APtai«ISDY U )»DER(I»lll/fctfl  

90  CONTINUE 
 \F   (LOOP)   g»i2ei29  

28  DO30   Isi,N 
 IfiXilUSfJULU  

VINCRdJsO.O 
J5_PiRatUsFPERVAlJ 

DXsOX/2.0 
LÜQP«! 

c 
GO TO 575 

c 
c 

LOOP MAS NOT ZERU 

29 DO 31 Isl»N 
31 YINCR(nsYlNCR(I)*SDV(n 

IF   (LOOP   ,EQ,   2)   GO   TO   33 
PO  32   Isl,N 
SlVAR(I}sVAR(l*l)*DX*YlNCR(i) 

32   CUVAR(I+l)sSlVAR(I)        
CUVARd )svAH(l)fOX 

 LOÜP82 
CALL   0ER8UB   (11»CUVAR,DER,N»VAR) 
Jt. III. .EQ,   «J. GO  TQ  120.   
GO  TÜ  576 

33 LüUPrO  _   
Me2.0*OX 

 DO   iH   Isl,N  
ERVOvM(I)s(YlNCR(n/2.0-SDYl(n)/l5,0 

 __EHRVAL(I)*H*ERVÜVMf I)  
34 SlVAR(I)sSlVARiI)4DX*SOY(I)fERRVAL(I) 

C 
C S1VAR   MOLD   THE   APPRDXIMATE   ANSWERS 
C 

IF   (SCIMAX)   36»35»36 
36   IF(ABS(SCIMAX-CI)tLril(0E»12)GO   TO   38 
35   IF(ARS(H-CI),GT,1.0E-12)G0   TO   38 
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 DCÖönö ""^ 
GO TO 605         

38 OCODt=l 
60b CONTINUE _      

i*"o 
ao 1:1*1 

IF (I .GT, M) GO TU a5 
IF_(ABS(SlvftR(I)) tLT, tLt^CD) Gü TOJ[L 
BELERsAHS(rw«VfiL(I)/SlVA^(I)) 
IF (WtLEP ,UT. StLKlCD) Gü TJ 6lS  
IF (RELtR .GT. RELHlN(U) 0C0L)E = 1 

GO TO ao 
US CONTINUE 

IF (OCUOt-l) bl(J,6?0,6lO   
610 CONTINUC 

IF (SSPEC)al,ua,ai       
a2 IF (SCIvAx)üi,a3,ai 
a5CI=i.0*CI  

TEX(6)=l 
MHAFsNHftP-l     
GO TU 6?ü 

ai IF (2,0*AbS(Cn .Lt, _ABS(SCIMAX)) GO TO «i 
aa CIsSCI^AX 

TEX(e)sl     
60 TO 620 

C     HALF INTERVAL 
61S NHAFrNHAFtl 

Ttxm = i 
 NVARxI*! 

IF (NHAF-6)u7,U7,bÜ5 
a7 IF (LTSM ,E3, 0) GO TO aß 

TEST=l 
LTSHKQ   
NELT«NELT-l 
NELTLsNELlL*!     
tLTKsKl*StLTl^tLI) 
REWAINsO.O 

ad IF (TPSH .tu). 0) SU TO a9 
TEST=l 
TPsTP-SS^tC 
TPKsKl*TP         
TPSHSO 

49 IF CSSPfcC ,NE, Ü.0) GO TU 99b 
TLSTsO 
IF (A8S(CI-2.0*DX) ,6Tt l,E-12)GÜ TU UOÖ 

998 CIsDx 
999 DxsDX/2.0   

CIti«Kt*CI 
DO  50   1 = 1 »N    
SlVAR(l)sVAH(I>l) 
DfcR(I*l)sFL)tRv(I) __ 
SOYl (n=YlNCR(l)-SDY(n 

50 YINCR(I)=0,0  
HK3S2 
IF   (ITEXT   .EQ,   I)   GO   TO  6J7 

99   LOOPsl 
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GO TO 575 nnvr 

IF   (NHAF   ,GT,   1)   GO   TO  999 
_NJL§s^T-S-tX  
IF   (MTS   .GT,   13)   GU   TO  998 

ACVKsACV*Kl 
_LL_iN£LJk^E CU__01__GQ_L0_JJöl. 
NLTsNELT 

UOl   Ek^lsSELT(NLT)*Kl  
IF   (ACVK   ,LT.   tLTM)   GU  TO   1103 

 MklihUii  
IF (MT #fcü, MS) G3 TO 1106 

__.  60 TO ttflt  
1102 StLT(NELT)=ACV 

liQ 10 1105  
1103 MTPlsNLT*! 
 UMTS  
110Ö  SELT(I)sSE:LT(I-l) 
 lFJ_l_liJaA JlklElJ   gQ^IXLJJM, 

I«I-1 
 60 TO  1101  
1106  SELT(M.T)sACV 
1105   NELTL=NELTL»1 

Tt)((9)s0 
LEX C1 0) = I 
ELTRSM«SELT(NELT) 

_G0_10   999  
C 
C DOUBLE   PHfcCISIIUN   UPDATING 

_6l0„L0OPe0 
DHSH 

-0P__51._ 1 = 1 fM.  
PHIsERvOVH(I)*VlNCR(I)/2,0 
DPHIKPMI 

51   CUVAH(I*l)sVAR(Itl)tDH«OPHI 
__  CUVAM1)SVA(?(1)*0H  

CALL   0EKSUÜ   (IKCUVAH.OER^N.VAR) 
   IF_Cn   tE0f   «)   GO   T3   120 

CALL   CHSUb(II,CI»VA9fCUVA>#0ER) 
IF    (II-2)   5^,600,121  

121   TESTsO 
54  DO  57   1=1,N 
57  F0tRV(I)=0E*(IM) 

SUMHA^sStJMHAFfNMAF-STEP(l) 
STEP(l)=STtP(2) 
STEP(2)8STtP(3)  
S1EP(3)SNMAF 

NHAFBO 
If Ma I 
IF (SUNHAF-8) 63,63,510 

63 00 59 Isl.NPl 
59 VAH(I)sCUVAR(I)  

TfcX(12)sl 
501 KK3S4 

IF (1TEXT »EG, 1) GO TO 637 
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 TM  lit 
58   IF   (TEST   ,tü,   1)   GÜ  TU  b20 

12Ö_R£1URN  
C 
C »CCOMPUfg   IM T t R V A L 
C 
 frOQ  Tfc.ST = Q  

NMAFaO 
AlMX  
OXsCI 
TEA(in = i   
RK3s3 
IF   flTtHT   .fcQ.   tI   CO   Tu ^14 

70   ClKsCI*t<i 
 .OD.bO  1 = 1,N 

DER(I*l )=K)tHV(l ) 
6d     CUVAW(I)=   VAH(I) 

CUVAfi(N*l)=   VARir,+ l) 
 IP    (TPSri   .Eiü.   0)   fefl   TU  fcj 

TPsTP-bPtC 
 J.PK B1P » K 1   

T PSHsO 
^1   IF lkI«M  ,tQ.   0)   U LO 5b5___ 

NtLTsNtLT-l 

 Btaiütäiiija  
NfcLTLsNtLTL+l 

_ tlUsSELl (^ELT)«Kl  
6Ü   TO  555 

6}6  kftlUi^UD      VA«(niOX .    .  
GÜ   TO   10? 

635 iFmxm.t£xn *RiTt(fc.iin KASXU  
IF(TEX(2),Eü.l J rtHITt (b,l72)     Cl»CI^AX,SPtC 

<>37.IF(TEX(3).tU,l) Af»IU (6fl73)    
IF(UX(a).fc.Q.n WRITE (6,17a)     H 

 lFlIEx(5).fcaiJ) fHVX (bil75)     H     
IF(TtX(6).EU,l) AHITE (6,176)      M 
lF(TExm.Eü.n. ft«ITE LfcUAil-ü  
IF(TEX(6).EU.l)      rtkITE   (6,177)     CI 
IF(TEX(9),EU,l)      WWITE   (6,178)   NVA«,   CI__  
IF(TEX(lO),tGi,l)      A><lTt(6,lö5)      ^«AR,    OX 

 IFlTEX(lU.E(J.l)      ^»ITE(6,183)      VAHd)!   DX __ 
rF(TEX(l2).EÜ.l)      ft«ITMb,l7«*)     VAR(i) 
IF(TEX(13 Ui Q il J 19.11E (b , 1801  

lLLfCMlSV«tOtl]     ARIIE(6,182)    __ 
102 DO 320 Is3,13 
320 TEX(I)sü 

GO TO (120,^Q,70,58),KK3 
171 FORMAT i33H_IMl IALIiAU^N-.§TArtlS Al V AR ( l) = , 11 6,8/J  
172 FORMAT (UH Cls»Ei5.8,9H   C 1M'AX = , 11 5 . 8, 8M   SPEC = , E 15.8/) 
\7l   FORMAT (37M DX IS THE FULL COMPUTING INTERVAL Cl/)_    
t7i FORMAT (2eM DX IS A SHORTENED INTERVAL ,tL5,8,25H  OüE TO A CRITIC 

IAL VALUE/) 
175 FORMAT (28H DX IS A SHORTENED INTERVAL »El5,8,2rM  DUE TO A SPEC \ 

lALüE/1 
176 FORMAT (2BH DX IS A SHORTENED INTERVAL .E15,8,39H  DUE TO BOTH A | 

IPEC AND CRITICAL VALUE/) . 
177 FORMAT (27H CI MAS BEEN LENGTHENED TO »Elb.B/) 
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178   FOHMAT   (5H   VAK(,I2,i2H)   HAS   CAüStO  CI   TU  ÖE   HALVED   TU   »EIS.8/) 

_ t79 FQRMAT  umutAÜ 11- HALJmuUPPA_LEP_Xi)^Üb JbZJ  
180 FORMAT (31H EKRÜ»* RETURN-ELT NOT MCNOTOMC/) 
181 FORMAT (5bH ERROR RETURN-HAVE HALVED 9 TIMES Qtf£« LAST 1 IWTfcW«ALb 

l/) 
ia^ FüR 
183 FOR 
 L/_L_ 

MAT (U5H ERROR RETURN-HAvE HALVED 9 CONSECUTIVE TIHES/)  
MAT (31H INTERVAL RECOMPUTED AT VAR (IJs. E lö,8,9ri rtlfH Dxs,El6,e 

18a FORMAT(25H OX IS SHORTENED INTERVAL,E16.8,2eH DUE TO A PREVIOUS EL 
 ITJVALUE/J.  .     
US FORMAT(bH VAR(,I2,32H) HAS CAUSED OX TD BE HALVED TO ,E16.8,38H bu 
 IT NOT CI SINCE Cl ALREADY SHQRUMEP/l  
500 IEHR=2 

HJUllXi 1 

505 

TESTsO 
(JO_-LQ 63. 
IEWRs3 
UJLLilUJ 

510 

TESTsO 
JitL-lQ-iQl- 

lERRsa 
J1-5.T = Q  
TEX(ia)=l 
jfl TO 63 
END 
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SUÖKOUTIM   DEHSüH 
COMhQN/KUITA/   CUVA^^(^),VA»(^),CI»DtK(^)^ll  
COMWON/F/RJtT,XNE,PE;,At,PINF , AlNF , UlNF , «MINF 
COMMüN/aLAST/lbrt,e.'.CONf SPEtö,HJtT2  
RDISTsCUVA«(2)/HJt12 
0ER(2)gAINF/SQRüi^ O-BwCüN/( SQWH ALÜGCKQIST ) ) *RüI ST ) ) 
NE.TUKN 
END 
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a m 
SUÜNOUTINt CHSUB 
RETURN 
fcNO 
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